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-4  Tha  focal  point  of  tha  actMtlu  of  the  Society  of  1 
Science  Is  its  annual  technical  nearing.  ^ThaSepartweat  ( 
Mechanics  of  tlw  University  of  MiaeourjaMolla  Is  HSMpA  i 
ssl hostfot  this  Sinats^ith-laaaMCrTKatiag  of  ii«  Sadat* 

^  The  tachnlcal  prograw  ofthlanaeMns  cooalste  of  At 
which  330  papers  are  eclwdniadrjht^ftsfiwf  itySh. .  this  hoi 
the  abstracts  of  these  papers  tfijjh  pi  ilgi'Si  ‘Win  hshiwMjSr 
lectures.  On  Wednesday,  October  27,  ProfsSMr  '3:  I..  Jml 
University  of  Minnesota  will  speak  on  "80*1  Mesh  tfchaait; 
Thursday  earning.  Professor  I.  Grad  of  ehk'/Coatant  tasti*' 
aatical  Sclancaa,  Hew  York  University  will  MWM"'4<friKi 
Ihpntic  Pas  Ion  bwrgy”,  and  oh  Priday,  Or.  Nftvla  S..hbSi 
Scientist,  MkSh  lewis  Issearch  Center,  will  speak  sh ;;*$piN 
The  Interaction  of  Sound  and  Plash*’. ' '  ‘  Professor  Grad  IS  tS 
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to  liMHWt  of  tho  Validity  of  tha  Clausius -Clapsyr on 
Equation  for  Am  Transformations  in  Solids 


Richard  Janes 
Division  of  Engineering 
Brown  University 
Providence,  RI  02912 


Tha  Claueiue-Clapeyroo  aquation  ia  a  relation  between  tha  hast 
absorbed  in  a  alow  phase  transformation  and  derivative  of  tha  squllibritat 
pressure  with  respect  to  temperature.  It  can  be  generalised  easily  to 
theraoelaetlc  solids,  subject  to  nmdtydrostatlc  stress,  and  as  such  it 
would  appear  to  ho  a  cornerstone  of  the  tbsnabdynawlcs  of  phase  trans- 
fornatlona  in  solids. 

OafortiaMtoly  this  is  not  tha  cssa.  I  shall  p,w  ainsplaa  of  sows 
materials  belonging  to  tha  claaa  of  ships  nsanry  naterlala,  which  appear 
to  bo  thsaihMlaitic  notariala,  for  Which  the  Clanelus-Clspeyron  equation 
fails,  ter  ocher  phase  traneforwetions.  tha  co-g  trsneltloe  la  qaerts 
for  aiaapla,  sad  am*  far  aaa a  of  thfe  ahopo-waaaty  alloys  at  hlgi 
tanparatsSes,  rsoslts  Ssssd  on  the  Clauoluo-Clapayron  aqoatioa  agree 
quite  wall  with  ohaervatiowa. 

To  understand  how  tha  Cl —siws-Clapayron  squat tow  way  fail  and  to 
see  what  ewletloas  ehanii  tap  lace  it,  t  shall  ««aidar  tha  aeswspHnaa 
tram  which  it  is  derived,  tt  is  erpwtd  thst  ths  UHlbe  stability 
criterion  turn  ehieh  the  Cleesieo  Cljpeyran  folloes,  while  Inappropriate 
for  solids  which  shmp  phase*  cant*  nsdifisi  to  give  reliable  results. 
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Coraall  University 
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Elasticity  as  a  Gauge  Theory 
1.  A.  Kunin 

Dept,  of  Mechanical  Engineering 
University  of  Houston.  TX  77004 


It  is  well  known  that  the  development  of  the  conteaporary  physics 
of  elementary  particles  is  closely  connected  with  gauge  theories.  Re¬ 
cently,  it  was  found  [1,2]  that  the  theory  of  dislocations  and  discli- 
nations  can  be  developed  as  a  gauge  theory  starting  from  classical 
elasticity.  This  approach  has  led  to  interesting  new  results  in  the 
theory  of  defects. 

In  this  paper,  we  show  that  linear  and  nonlinear  elasticity  are 
also  gauge  theories.  This  permits  one  to  understand  better  the  group- 
theoretical  background  of  elasticity,  as  well  as  group  invariance  pro¬ 
perties  of  solutions  of  the  equations  of  elasticity. 


1.  A.  A.  Golebiewska-Lasota,  Int.  J.  Bams.  Sci..  17,  263  (1979). 

2.  A.  Kadid  and  D.  G.  I.  Edelen,  Int.  J.  Engng.  Sci..  20,  433  (19S2). 


A  Review  of  Acouetic  Propagation  in  the 
Atmosphere 

W.  X.  Van  Moorhen 

Mechanical  and  Induatrial  Engineering  Department 
University  of  Utah 
Salt  Lake  City,  Utah  8A112 


The  propagation  of  acouatlc  aignala  in  the  atmosphere  was  one 
of  the  first  areas  investigated  after  the  orgin  of  the  aclence  of 
acoustic*.  After  several  hundred  years  understanding  of  the  major 
phenomena  oc curing  in  atmospheric  propagation  la  not  yet  complete. 

The  propagation  of  acoustic  signals  in  the  atmosphere  is 
dominated  by  six  major  effects,  geometrical  spreading,  atmospheric 
absorption,  reflection  from  the  ground  surface,  refraction  due  to 
gradients  in  the  speed  of  propagation,  scattering  from  turbulence, 
and  diffraction  around  obstacles.  Present  understanding  of  these 
phenomena  ranges  from  essentially  complete  to  very  poor.  Bach  of 
these  areas  is  discussed  in  terms  of  the  level  of  present  understand¬ 
ing  and  in  terns  of  its  implications  for  long  range  acouetic  propa¬ 
gation  modeling. 


Today’s  Micrometeorology  Applied  to 
the  Interpretation  of  Outdoor  Sound  Propagation 

Dennis  V,  Thomson 

Meteorology  -  Pennsylvania  State  University 
506  Walker  Building 
University  Park,  PA  16802 


Contemporary  field  measurements  and  models  of  the 
atmosphere's  surface  and  planetary  boundary  layara  have  been 
used  to  examine  the  epetial  and  temporal  characteristics  of 
sound  propagating  outdoor*.  Prom  a  mlcromataorologlst's 
point-of-viev  the  characteristics  of  propagating  sound  are  so 
sensitive  to  ambient  velocity  end  temperature  gradients  that 
signal  behavior  can  provide  a  viable  "indirect"  measure  of 
atmospheric  structure  and  processes.  Specification  of  the 
atmospheric  refractive  index  environment  for  acoustic 
propagation  atudiaa  has  bean,  generally ,  inadequate  to 
facilitate  examination  of  the  mechanisms  responsible  for. 

In  particular,  observed  signal  fading.  This  paper  reviews 
methods  for  evaluating  signal  wplituda  and  phase  variations 
resulting  from  characteristic  naan  gradient  and  turbulent 
velocity  and  temperature  fluctuations  in  the  lower  atmosphere. 
Particular  attention  is  devoted  to  problems  of  sound  propa¬ 
gation  in  complex  terrain  environments  in  Which  the  refractive 
index  field  is  not  generally  horiaontally  homogeneous. 
Recommendations  for  needed  field  experiments  are  also 


MMKIOL  TECHNIQUES  IN  TUBDOFAN 
I  MLR  ACOUSTIC  SDHPUSMft  088101 

Kenneth  J.  iMiiitir 
NASA  Lewis  iMMrek  Center 
Clews lend,  08  44135 

"Steady"  state  finite  element  theories  sad  transient  finite 
difference  theories  are  currently  being  applied  to  the  dealgn  of  acousti¬ 
cally  treated  nacelles  of  turbojet  engines.  In  this  paper,  nunerlcal 
theories  in  conjunction  with  previously  published  analytical  results  are 
used  to  estimate  the  performance  of  an  acoustic  liner  in  a  typical  engine 
installation. 

First,  sons  background  information  on  analytical  and  nunerlcal 
techniques  in  duct  acoustics  is  presented.  In  particular,  a  bibliography 
of  nunerlcal  techniques  in  linear  duct  acoustics  is  included.  Beat,  a 
procedure  is  presented  for  using  previously  published  malytical  results 
as  the  starting  point  of  the  nunerlcal  calculations.  The  importance  of  the 
cut-off  ratio  in  the  design  is  aaphaslsed.  Immediately  following,  a  pro¬ 
cedure  for  applying  the  nunerlcal  techniques  Is  presented.  The  coupling 
between  the  duct  ad  the  far  field  in  the  ntaserlcal  analysis  is  shorn  to 
significantly  effect  tbs  predicted  attenuation.  Sons  design  calculations 
are  then  presented  which  compare  analytical,  nautical,  and  experiontal 
results  for  a  commercial  JT15D  turbofan  engine.  Finally,  the  limitations 
of  presat  numerical  theories  are  discussed  and  future  work  is  outlined. 


FINITE  DIFFERENCE  SOLUTION  TO  A  ONE-DMENSIONAL 
NONLINEAR  PROBLEM  Dl  ACOUSTICS 

M.  J.  Nalklngton,  V.  Everson 
Department  of  Mechanical  Engineering 
University  of  MD-Kolla,  Bolls,  MO  65401 

Hiww  acoustic  theory  is  used  extensively  to  solve  probleae  in  duct 
acoustics.  In  regions  of  high  Mach  number  this  theory  fails  as  shorn  by 
the  Fublnl  solution  for  plena  warms  in  uniform  ducts  and  note  recently  by 
the  work  of  Myers  and  Calls gari  [1]  for  non-uniform  ducts.  There  la  also 
experimental  evidence  to  suggest  that  subsonic  choking  nay  occur  which 
has  not  boa  predicted  by  linear  theory. 

The  finite  difference  method  is  anployod  widely  to  obtain  approximate 
solutions  to  trees onic  flow  problems.  This  method  has  been  adapted  here  to 
solve  a  acoustics  problem.  In  order  to  Unit  the  computational 

• - ■-  a  one-dimensional  nodal  la  considered.  A  method  of  modeling  aolee 

■ounces  and  anarhnlr  terminations  la  developed  by  coaldering  the  charac¬ 
teristics  of  the  gas  dynamic  equetioa.  _ 

Presat ly  only  continuous  solutions  ham  ban  sought,  basvur,  work 
la  cuRuatly  balag  gdtrtdss  to  extoad  this  techalqea  to  obtain  shocked 
solutioa.  The  results  obtained  to  data  are  la  good  agreaaat  with  thoa 
ohtslad  by  Fmbinl  and  Byers  and  Callsgaci. 


1.  Nysrs  and  Callagsrl.  Sound  in  Duets  Containing  Nearly  Chohad 
AXAA-79-M23. 
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Aehok  B.  Bilagaa Su  aadJaeter  (.  Arora 
Dir  la  loa  of  Material •  Bgtnaarlm 
The  Bnlwdtjr  of  bat,  few  City,  IA  J2SA2 


Tlw  paper  pretence  a  sainTal  fratawoefc  for  the  efficient  «aa  of 
traoaforaatioa  aatteda  fa  optlaal  daelgn  of  etructural  and  aac tunic  al 
ayataaa.  Tha  tarn  "traaaforwetion  wjUbf  la  ue*d  to  deter  tea  any  fatted 
that  aolvaa  tha  coaatxalaad  optUixatloa  raUat  hy  traoefocalog  if  Into 
oaa  or  aoro  onoouatrafnad  proklaaa.  Tranef amotion  aatteda  laelade 
aultipllar  aatteda,  eatarlor  aid  lot  or  for  pOaalty  fuoctloo  ■ 


Many  of  tha  ooaatraiat  fafttioaa  fa  aft  teal  atructural  deelga  an  fay  licit 
fanctfona  of  doaljga  rariohlee.  ThU  iaplicit  nature  of  tea  constraint 
functlona  aakaa  it  rfty  fry  ana  Isa  to  cAUalfte  titer  g  radicate.  Traaaforaatloa 
aatteda  aaaaatlally  teHte—  all  caatexateta  ff  ten  deelga  prohlaa  into 
oaa  equivalent  functional  oooe  t ratal*  ete*h  earvoa  «y  a  penalty  tore  far  tha 
traaaforaatloa  aatteda.  Xt  tell  te  ateaf  if  thia  paper  that  tha  adjoint 


variable  approach  caa  ha 
without  calculating  tea 
fton  white  tha 
traaaforaatfia- 
alalal  ration  «f  thdd 
affort. 
aatura  of 

attract  twa  for  if  feat 
aatteda  ara 
convergent-teat  is. 


’  te  calculata  ten  graiiaat  of  thid  faactloaal 
of  the  iaHviwI  oooatrafat  faattfnaa 
fir  aanarraaite.  fa  a  taaalt.  'tew  gradient  af  tea 
-fa  tetette*  at  a  wary  tetey  yrfaa  add  teaaa  tin 
:  -ate'  ha  >nfianif  adte  Uttlo  hihw  mHmnl  - 
eh  la  to  aayliili  tha  uyttett 


algor itten  far  paaalty  faatriaa  aad  aultipllar  j 
Tha  aatteda  of  luapwr  tig  the  gradleat  af  the  traaafa 
faactloaal  la  dascribod.  aad  detailed  operatioa  count  a  ara  gtwaa  to  daaoa- 
strata  algalf  icaat  snrlaga  la  tea  aaggaatad  approach  ewer  the  two  other 
approeefaee  weed  la  tha  literature.  The  chore  Idea  tea  teea  aaad  to  optlalra 
aararal  aaaU  and  teafe  Wd«  aagltedaUg  daa&ga  prahlaaa.  tom  te  chaw 
ratal  ta  are  praaaatad.  Finally,  wtelaaa  otter  appilaatiaaa  of  tea  hoalc 
her  ala  to  aonaata  tea  gcadlmt  of  a  faactloaal  pro  dla 


Arora.  1.  Ma«g»  f  Iv  tetejte  S.  B., 
la  Strwetaral  ftpi  lalial  tea 
teUyaaod.  fliu.  Oat.  1**0 
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On  the  Existence  of  Plastic  Potentials  in  Metal  Crystals 
and  Crystalline  Aggregates  at  FMte  Strain* 

Kerry  &  Hamer 

Department  of  Civil  Engineering,  North  Carolina  State  University 
Raleigh,  N.  C.  2/UO 


Precise  cendhlane  for  the  existence  of  piealie  potsmials  la  single  crystsas 
are  reawstsed^  fallowing  the  analysis  el  Hitt  and  Havnsr  [lJ  (wMch  awpltfles  and 
wts^jths^sasiinsd  wortr  of  l-m^Rfce  stress 

tatXjfd  to  (but  n^nawss^Mw^wS!^ 

Invariant  MawsaMtsiei11^^^ rnryi«mredlto*f»&  From  [STthegrlncIpal  results 
far  single  crystMrai*  ■ads  sspUcfrtn  terms  of  CreeaN  measure  of  strain,  supple, 
wanted  by  agnations  <H  transformation  to  ether  variables 

(11 


m 
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On  Condition*  for  Validity  of  Simple  hathods  for 
PlMtic  Analysis  of  Pulse-Loaded  Structures 

P.  S.  Synonds  and  W.  T.  Fleming,  Jr. 
Division  of  Baginaeriag 
Broun  University 
Providence,  thoda  Island  02912 


In  the  analysis  of  dynsnic  plastic  raspoos*  of  structures  to 
puls*  loading,  certain  idealisations  fora  the  baa is  of  a  body  of  theory 
and  practical  techniques.  Tha  idealisations  include  thoae  of  atatic 
limit  analysis*  rigid-par factly  plastic  behavior  and  nagligible 
geometry  changes.  Tha  further  ideal isstiona  of  homage noons  stress- 
strain  rat*  relations  and  of  piecewise  constant  loading  naka  posaibla 
an  attractive  "single  rigid-plastic"  (HP)  theory  for  dynamic  response. 
Within  this  theory  upper  and  lower  bounds  or*  provided  on  response 
deflections  and  times |  it  is  shown  that  the  velocity  potters  tends 
toward  a  mods  form)  efficient  methods  for  dotarminieg  those  fundamen¬ 
tal  mode  form  solutions  are  derived!  and  they  are  the  basis  for  approxi¬ 
mate  techniques.  Amnlngnws  to  tha  limit  theorems  of  static  analysis, 
the  several  estimation  techniques  presided  by  HP  theory  are  extra¬ 
ordinarily  simple.  The  actual  gpaamia  response,  with  mined  elastic/ 
plaotic/viaceplaatia  behaviors  at  large  strains  and  deflections,  is 
complex.  Phil  details  can  ha  obtained  only  by  numerical  programs  of 
considerable  sine  and  sephist lost ion.  The  simple  techniques  meet  a 
naod.  Onfortunataly  it  is  difficult  to  predict  Whoa  May  are  valid, 
for  load  pnlaaa  of  arbitrary  magnitude  and  shape.  Thera  is  a  paucity 
of  campari sane  either  with  complete  amnorical  solutions  or  with 
experiments. 

The  present  paper  makes  usa  of  a  large  finite  element  program1 
capable  of  treating  material  and  geometrical  aoaliaoarities  to 
compare  certain  key  features  of  the  complete  lypooss  with  these  pre¬ 
dicted  by  an  HP  analysis  and  by  several  estimation  technique*  based 
on  it.  These  comparisons,  particularly  of  energy  dissipation  rates 
and  of  tha  rhanging  partition  of  plastic  work  over  tha  structure, 
shew  tha  meaning  of  criteria  for  HP  analysis  involving  energy  input 
and  puls*  duration  parameters.  They  also  clarify  the  significance  of 
Me  mode  approximation  technique  and  of  simplified  elastic-plastic 
treatments  based  on  separation  of  clastic  and  plastic  response 
stages***. 


1.  Program  ABAQBg  kindly  provided  for  our  research  by  Bibbitt  and 
Xarlsson,  las..  Providence,  BX. 

2.  P.  g.  tymohds,  J.  Kadi.  Bag.  Bcieace,  Tel.  22,  pp.  1B9-197,  19M. 
9.  P.  g.  Symoada,  in  granule  Beanonse  of  Structures.  ABCS,  Maw  York, 

pp.  H7-901,  19M. 
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Tinothy  o.  Trucatw  end  Demis  >.  Grady* 
samdia  Nat  iorufl  ISborstorias 
Alboqoerqua,  tow  to  Klee  «7l« 


Mwenet 


to  report  the  result#  of  an  super lean  Lai  and  joaputit  local  effort 
focused  on  Identifying  the  effects  sad’  significance  of  adiabatic  shear 
band  formation  in  natal  penetration  phenomena.  In  tbs  experiments  that 
were  perfumed,  m  hardened  atsarl  sphere  lepsoted  targets  of  «0«1-T6 
aluminum.  -Ae  upset  eolocity  ««rled  from  0.«  to  14  to/a so.  The 
targets  were  leapt  aiwip  to  Bar  treated’  am  Infinite  half-spaces  in  the 
eaalye in:  and  sdaUatlee.  Depth  of  pMwtntiM  add  target  nlcroetfruc- 
tura  were  jlaeruad  after  sued  epltlamt,  and  compared  with  the  renulta 
of  goto i static  pad  Bases  pirfhr—d-  St  IdbMloal  targets.  Sheer 
Bands  were  oB  a  are  ad  under  Char  steal  apHaia  in  the  ityiieal  it  experiments, 
but  were  abeent  in  take  qoeeletatlc  tartft  toxt-of -penetration  difTsr- 
eneae  were  else  MBtf  bstoeoe  qoasletatlc  and  Kigh-weloeity  cents. 
Computation  and  analysis  paxfusnatr  indicated  tMBt  thermal  softening 
and/or  tberaal  Hear  localisation  does  strongly  inflwmon  the  dynamic 
pnnetretlon  pauuena.  OalonUtlene  toted  did  Mt  explicitly  eocomre 
for  thernai  softening  neodnatsme  foil  Be  predict  the  toS arrmff  dipehe 
of  peaetretlon.  towewor,  ee  been  found  that  the  lagmetauee  of  thermal 
softening  and/or  dmnt  sheer  localisation  ir  ant  sr  eplflaant  as 

•this  man*  perf stand  By  Stadia  Rptionel  laboratories  supported  by  the 
0.  9.  Department  of  Btorgj  aider  oontraet  nutoer  DB-Aeo4-7«-DY007e9 . 

1.  T.  A.  C.  Root  end  K.  R.  i>.  flioapnon,  Hetal lurglcsl  none.  tot.  1. 

21*  (1970). 
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DYNAMIC  PERFORATION  OF  VISCOPLASTIC  PLATES 
BY  RIGID  PROJECTILES* 

by 

M.  Ravid  and  S.R.  Bodner 
Faculty  of  Mechanical  Engineeing 
Technion  -  Israel  Institute  of  Technology 
Haifa  32000  Israel 

Abstract 

A  model  is  formulated  for  the  dynamic  perforation  of 
viscoplastic  plates  by  rigid  projectiles.  The  process  Is 
considered  to  occur  in  five  continuously  coupled  but 
distinct  stages  which  are  amenable  to  analytical  treatment. 
An  essential  feature  of  the  analysis  is  the  use  of 
postulated,  physically  motivated  deformation  mechanisms 
in  conjunction  with  the  upper  bound  theorem  of  plasttf*  s.y 
theory  which  is  modified  to  include  dynamic  effects. 
Special  attention  is  given  to  the  bulging  process  and 
effects  associated  with  the  later  stages.  This  model  is 
self-contained  and  devoid  of  empirical  factors.  It 
predicts  the  exit  velocities  of  the  projectile  and  the 
plug  and  also  the  plug  shape,  provides  the  force-time 
history  of  the  process,  and  describes  a  number  of 
geometrical  features  of  the  transient  and  final  deforma¬ 
tion  state  of  the  target  plate. 


*The  research  work  reported  in  this  paper  has  been 
sponsored  in  part  by  the  U.S.  Army  (European  Research 
Office,  London)  under  Contract  DAJA37-81-C-0047. 
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EXTENSION  OF  BOUNDARY  ELEMENT  METHOD 
TO  LIFTING  SUB CRITICAL  FLOWS 


G.F.  Carey  and  S.W.  Kla 
Texas  Institute  {or  Computational  Mechanics 
The  University  of  Texas  at  Austin 


Abstract : 

The  boundary  eleaent  method^  is  extended  here  to  analysis 
of  Incompressible  flows  with  circulation  I*.  The  Kntta  condition  is 
applied  In  two  different  approaches  to  show  how  the  flow  field  and 
circulation  can  be  efficiently  dateialnad.  Numerical  results  have 
been  computed  for  NACA  0012  airfoil  at  angle  of  attack  a  and  com¬ 
puted  life  coefficient,  compared  with  experimental  results.  A 
detailed  discussion  is  given  in  [2].  In  a  second  part  of  the  In¬ 
vestigation  we  indicate  how  the  method  may  be  extended  further  to 
treat  compressible  flows  using  a  Ray la Igh- Jan t ten  type  perturbation 
expansion  and  appropriate  divergence  manipulations  to  obtain  the 
desired  boundary  Integral  fora.  The  approach  is  currently  being 
implemented  in  the  boundary  element  program. 


References : 

1.  Brabble,  A.C. ,  Boydary  Element  Method  for  Engineers. 
Pen tech  Press,  London,  1978. 

2.  Carey,  G.F.  and  S.W.  Kla,  "Lifting  Airfoil  Calculations 
Using  the  Boundary  Element  Method",  submitted  to  Int.  J.  Rumor. 
Math.  Fluids,  1982. 

3.  Carey,  G.F.,  "Extension  of  Boundary  Element  Method  to 
Subcritlcal  Flows",  in  Proc .  Finite  Elements  and  Fluids,  Tokyo, 
August  1982  (to  appear). 


THE  METHOD  Of  FUNDAMENTAL  SOLUTIONS  FOft  ELLIPTIC  BOUNDARY  VALUE  PROBLEMS 

6.  Falrweathcr  R.L.  Johnston 

Mathematics  Department  Computer  Science  Department 

University  of  Kentucky  University  of  Toronto 

Lexington,  KY  40506  Toronto.  Canada  MSS  1A7 


A  useful  technique  for  the  numerical  solution  of  certain  elliptic 
boundary  value  problems  is  the  boundary  integral  equation  method  (HEM) , 
which  is  applicable  when  a  fundamental  solution  of  the  differential  equa¬ 
tion  in  question  is  known.  In  this  method,  suck  a  solution  is  combined 
with  the  desired  solution  through  a  reciprocal  theorem  to  reformulate  the 
boundary  value  problem  as  an  integral  equation  on  the  boundary  of  the 
domain  of  the  problem.  A  boundary  method  of  no  re  recent  vintage  is  the 
method  of  fundamental  solutions  (IPS),  Cl ,2],  which  has  sons  of  the  char¬ 
acteristics  of  the  BUM,  and  several  advantages  over  this  method.  In  the 
NFS.  the  desired  solution  u  is  approximated  hy  a  function  tin  of  the  form 

Vc,t;P)  •  lj.|  .  P  «  3  . 

where  fl  cRn  is  the  domain  of  the  problem  with  boundary  3Q,  fi  «Q  . 

K(P,Q)  is  a  fundamental  solution  of  the  diff*rential  equation,  c  ■ 

(cj.cj. . . . ,C|f)T,  and  t  is  an  nN-vector  giving  the  coordinates  of  the  sin¬ 
gularities,  Q<,  j-1,.7. ,N,  which  lie  outside  fl.  If  the  boundary  condi¬ 
tions  are  of  the  Ibrm  Bu»0,  one  soaks  the  host  approximation  *£  « 
“MCS'.S'lP)  satisfying 

’  min  l,uN*2  "  ■‘"^i-l  lfcV|tc,t;Pi)|2  , 
c,t  c,t 

where  is  a  sot  of  points  lying  on  the  boundary  3Q.  This  is  a 

non-linear  least  squares  nin  ini  ration  problem,  which  can  bo  solved  using 
existing  software.  For  the  solution  of  Laplace's  equation,  an  adaptive 
NFS  algorithm  has  boon  developed  [3],  and  many  difficult  problems,  such 
as  those  with  discontinuous  boundary  conditions  or  involving  re-entrant 
corners,  have  been  handled  relatively  easily. 

The  M’S  has  several  advantages  over  the  BIEM.  For  exaaple,  it  does 
not  require  a  discretization  of  the  boundary  30,  nor  does  it  involve  any 
integrations  over  30.  Also  the  determination  of  an  approximation  to  u(F), 
P«0,  requires  only  an  evaluation  of  the  approximate  solution  iqi  whereas 
in  the  BIEM  a  quadrature  is  necessary.  Until  recently,  a  serious  drawback 
of  the  MFS  was  that  its  formulation  for  problems  other  than  those  involving 
Laplace's  equation  or  the  Helaboltz  equation  was  unknown.  However,  a 
newly  established  connection  between  the  MFS  and  the  indirect  BIEM  indi¬ 
cates  how  other  problems  nay  be  tackled  using  the  M’S.  This  connection 
will  be  discussed  and  the  extension  of  the  MFS  to  the  biharmonic  equation 
and  problems  in  plane  elasticity  described. 

1.  R.  Mathon  <  R.L.  Johnston,  SUM  J.  Numtr.  Anal.,  14(1977),  MS- 650. 

2.  R.L.  Johnston  I  R.  Mathon,  Inter.  J.  Humor.  Nets.  Engn.,  14(1979), 

1739-1760. 

3.  S.  Ho-Tai,  R.L.  Johnston  I  R.  Mathon,  Technical  Report  136/79,  Com¬ 

puter  Science  Department,  University  of  Toronto. 
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STRESS  DISCONTINUITIES  AND  INTERIM  CRACKS 
T.  J.  Rudolph  I 

Dept.  of  Engr.  Science  and  Mechanics 
Iowa  Stata  NRl varsity 
Anas,  IA  $0011 

The  boundary  ataaant  method  at  It  sppl lat  to  two  dlnantlonal  alastostatlc 
problems  Is  InpImMnted  with  quadratic  variation  In  boundary  varlablos  and 
gaomatry.  Additional  paraoatari  ara  as  tec la tad  with  no  das  at  sspnant  l n tar- 
sac  t  ions  to  al low  for  discontinuous  tractions.  Supplanantary  aquations 
cons  Is tan t  with  linaar  elasticity  ara  used  to  auguant  tha  regular  boundary 
Integral  aquations  for  curtain  mixed  and  displacoaant  boundary  conditions. 
Zoning  or  subregional  I  tat  Ion  capMIlltlea  ara  Included  to  provide  solutions 
to  plocawlse  nonhoooganaous  prablema  or  to  problauu  on  regions  of  Irregular 
shape  which  can  nonsally  causa  nuuerlcal  Instabilities. 

With  tha  usage  of  modified  kernels ,  as  developed  from  the  point  load  In 
an  Infinite  oadlusi  with  a  crack,  the  method  stay  bo  used  to  solve  problems 
involving  Multiple  Interior  cracks.  Stress  Intensity  factors  for  nixed  node 
crack  Interaction  ara  readily  determined.  Example  problems  are.  given  to 
demonstrate  the  accuracy  of  the  technique. 
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AIRFLOW  1R  THE  HUMAN  RESPIRATORY  SYSTEM  -  A  COMPUTATIONAL  MOREL 

«.  Collins,  -A.  Hifdl,  E.  Collins 

feieersite  Pool  Sabatier 
C.N.U.  Ac  Romwit 
*1M4  tontOMK  Codex  (Front*) 


A  cooplete  b  reacting  nodal  of  tbe  reoptratory  syttw  Is  doaolopod  on 
Mils  Of  detailed  OMteoical  ■OMMP—ONtS  Of  Narsfteld  et  *1.  (1971) 
Fredberg  *t  *1.  (1978).  A  quo  si  one-  dinonstonol  f emulation  for 
coopted  fluid/nall  Interaction  is  nosolaed  m— rlcilly  as  log  a  oedi- 
two-  stop  loo  Moadrcff  finite-  difference  technique.  This  soluti¬ 
on  con  suboaquently  be  wood  to  osttaote  tbe  regional  deposition  of  fine 
si  portictes  in  tbe 


ELASTIC  PROPERTIES  OF  COLLAPSING  AND  EXPANDING  AIRWAYS  IN-VIVO 
Dun  C.  Winter 

Department  of  Mechanical  Engineering 
University  of  Houston,  Houston,  Tx  77004 

The  compliance  of  the  eirveys  is  e  determining  factor  in  the  col¬ 
lapse  of  the  airways  end  also  in  the  airway  wave  speed,  which  is  Impor¬ 
tant  in  expiratory  flow  limitation.  We  previously  reported  on  in-vivo 
compliance  measurements  in  the  tracheae  of  anesthstised  dogs  and  found 
them  to  be  significantly  different  than  for  excised  trachea  (1).  The 
previous  work  was  for  expanding  trachaas,  and  we  have  modified  our  meth¬ 
od  to  measure  the  compliance  of  collapsing  tracheae. 

Aaestbetlsed,  open  chest  dogs  were  intubated  ^cs  above  the  carlna 
and  ventilated.  The  upper  portion  of  the  trachea  was  then  sealed  at 
both  ends.  Volumes  of  air  could  be  injected  into  the  sealed  segment 
and  pressures  inside  the  segment  measured.  Initial  volume  was  estimat¬ 
ed  with  the  trachea  in  place  after  the  experiment  by  measuring  the  up¬ 
per  and  lower  diameters  end  length  of  the  sealed  segment. 

Results  for  one  sequence  of  pressure-volume  measurements  ere  shown 
in  Figure  1.  Beginning  at  resting  volume  (sero  transmurel  pressure)  an 
increasing  volume  of  air  was  injected  into  the  sealed  segment  in  I  ml 
increments.  The  pressure  inside  was  allowed  to  stabilise  before  the 
next  volume  was  injected.  After  a  maximum  pressure  of  'V2.5  x lO'dynea/ 
cm2  was  reached.  111  volumes  were  sue cues ively  removed  until  the  orig¬ 
inal  volume  was  reached.  Note  the  hysteresis  exhibited  by  the  curve 
and  that  the  compliance  (as  measured  by  the  inverse  slope  of  the  linear 
portions  of  the  curves)  is  the  same  for  increasing  and  decreasing  vol- 

Flgure  2  shows  one  pressure-volume  curve  for  which  the  preasure  was 
returned  to  sero  between  each  volume  injection  and  for  which  measure¬ 
ments  were  teken  for  both  positive  and  negative  transmurel  pressures. 
Average  compliance  values  for  collapsing  trachea  were  higher  (28.4  x lir‘ 
(dynes/ca2)-1)  than  for  expending  trachea  (13.0 x 10"* (dynes/ cm*)"* )  for 
ell  dogs.  The  compliance  values  for  expanding  trachea  agreed  with  those 
we  previously  reported  (1). 

References:  1.  Winter,  D.C.  at  el.,  Elastic  properties  of  the  deg 
trachea  in-vivo,  1981  ASM  Rinas ch sales  Symposium. 


PERISTALTIC  PLOW:  MATHEMATICAL  DESCRIPTION  AMD  EXPERIMENTAL 
VERIFICATION 


0.  Mahrenholtz 
Inseitut  fOr  Mechanik 
Universitlt  Himom 

Hmovtr,  FR  Car— ny 


Peristaltic  floe  which  belongs  to  inner  biof  luiddyn— ics  is  s 
—st  unique  transporting  —  chant— .  Over  short  distances  alimentation 
of  living  cells  and  taking  away  metabolic  products  is  carried  out 
by  diffusion  and  oa— tic  pressure.  But  with  rising  distances  in 
higher  developed  animals  a  directed  and  controlled  flow  of  the 
transporting  solvent  is  needed.  In  contrast  to  technology,  where  a 
huge  quantity  of  differ— t  punpes  is  used,  nature  pr— ts  —  ly 
a  a— 11  variety  of  punping  processes ,  mainly  p— ping  of  the  heart 
and  in  various  hollow  organa  the  use  of  peristalsis. 

Although  the  peristaltic  notion  has  ha—  known  for  a  long  tint , 
field— rh— leal  behaviour  was  not  investigated  until  about  two 
decades  ago. 


Modern  —the— tics  1  —  thods  in  coabi nation  with  effective  cow- 
peter- systa—  followed  the  first  restricted  approaches.  Pro— era 
height,  volu—  flaw,  velocity  distribution,  semen-  and  pash  line a 
be—  be—  calculated  for  misy— strical  us— s,  M0Mr  aaplitede 
rati—  and  higher  hay— Ids  nunbors. 

To  verify  the—  re— Its,  —  used-  an  espsrin— tal  set-up,  which 
andels  a  pi  see-flow- condition  with  one  —wing  uadi.  Reside  the 
characteristic  figures  of  the  p— ping  pvoesss  depandiag  —  the 
gas— try,  the  notion  of  fluid-pertiel—  relative  to  each  other  is 
s  —at  inter— ting  detail.  A  hydrogen* hebbls-tachai pas  w—  used 
far  the  visualisation.  The  gem rated  bubble  prof il—  — rs  fil— d 
by  a  — vis-r— sra  and  compared  to  the  calculated  profiles.  On 
pictures  of  atm— lie—  in  the  —wing  wave  fra—  is  vhieh  the 
flow  is  stationary  the  behaviour  ~f  the  boundary  layer  ia  visible. 

Bader  the  affect  of  i— rtia  and  the  presence  of  —  adverse 
pressure  gradient  the  be— dory- layer  separatee  in  the  diverging 
part  of  the  chain! .  As  backflow  is  obstructed  by  this  the  pressure 
height  of  peristalsis  le  —larged. 


PERISTALTIC  FLOW  OF  MON-NEWTONIAN  TWO-PHASE  MIXTURES 
Hans  J.  Rath 

Dep.  of  Mechanics  and  Fluid  Mechanics,  Production  Engineering,  University 
of  Bremen,  0  -  2800  Bremen,  West  Germany 

The  dynamics  of  fluid  transport  by  peristaltic  motion  of  the  confining  vails 
has  received  careful  study  in  the  recent  literature.  Peristaltic  pumping  is 
the  common  mechanism  for  urine  transport  from  kidney  to  bladder,  food  mixing 
and  motility  in  the  intestine,  ejection  of  semen  in  male  reproductive  organs, 
and  egg  transport  in  female  fallopian  tubes.  Technical  roller  and  finger 
pumps  using  viscous  fluids  also  operate  on  this  principle. 

We  consider  the  two-dimensional  plane  peristaltic  flow  of  an  incompressible 
Non-Newtonian  fluid  containing  solid  spherical  particles.  The  traveling  wa¬ 
ves  are  represented  by  the  function  h(x,t)  =  a  +  b  sin(2ir/X  (x  -  c  t ) )  where 
a  is  the  mean  half  width  of  the  channel,  b  is  the  amplitude  of  the  peristal¬ 
tic  wave,  c  is  the  constant  wave  speed  and  X  is  the  wavelength.  It  is  assu¬ 
med  that  the  wavelength  is  large  compared  with  the  channel  width  and  the 
appropiate  Reynolds  number  is  small  compared  with  unity.  Furthermore  we  in¬ 
troduce  the  wave  frame  of  reference  (X,Y)  which  moves  in  the  x-  direction 
with  the  wave  speed  c  relative  to  the  laboratory  frame  (x,y,t).  The  variab¬ 
les  measured  in  the  wave  frame  are  defined  by 

X«x-ct;Y-y;&«a;P*p;U*u-ct;U*u-ct; 

v  •  v  ;  vp  -  vp.  p  p 

where  (U,V),(U  ,V  )  are  the  components  of  the  fluid  velocity  and  particula¬ 
te  velocity  inpthf  X-  and  Y  directions,  respectively,  P  is  the  pressure  and 
a  is  the  volume  fraction  of  the  particles,  measured  in  the  wave  frame.  The 
continuity  equations  and  the  inertia-  free  momentum  equations  for  the  fluid 
phase  and  particulate  phase  are  given  by 

aUWOU)  +  .  Q  . 

-0-a)|$-  -  aF  (U  -  up)  ♦  -yy-(K(a)  |y"  l|y-|  )  *  o 

-U-*F<U-Up).0  ;  -|P.+  F(V-Vp)-0 

-  (i-a)  -  aF  (v  -  vp)  -  o 

where  K  and  n  are  the  parameters  of  the  rheological  model  and  F  is  the  drag 
coefficient  for  the  spherical  particles.  For  n  ■  1  we  have  Newtonian  beha¬ 
vior  of  the  fluid  (K  ■  u).  We  see  that  by  means  of  the  wave  frame  of  referen¬ 
ce  the  fundamental  equations  become  stationary.  The  partial  differential  equa¬ 
tion  system  standing  above  has  been  solved  analytically.  Velocity  distribu¬ 
tions  of  the  fluid  phase  and  particular  phase  as  well  as  relative  concentra¬ 
tion  curves  and  pressure-  flow  relationships  are  given.  The  results  are  com¬ 
pared  with  the  case  of  a  single-  phase  fluid.  It  will  be  shown  that  the  pa¬ 
rameters  K,  n,  8,  F,  the  normalized  pressure  gradient  and  the  dimensionless 
time-  mean  flow  have  an  Influence  on  the  velocity  distributions  and  pressure- 
flow  relationship. 
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"Monitoring  Daaage  Accumulation  in  Graphlte/Polyiaide 
Laminates  During  Fatigue  Loading  Through  Acoustic  Emission"* 

S.  Ghaffari  and  J.  Averbuch** 

This  study  concentrates  on  monitoring  daaage  initiation  and  progression 
through  acoustic  eaission  in  unnotched  and  center-notched  graphite/polylmide 
[0/+45/90-45)2a  laminate,  subjected  to  low  cycle  fatigue  loading.  Specimens 
were  cycled  at  a  frequency  of  0.1  Hz  and  1.0  Hz  up  to  5000  and  10,000  cycles, 
respectively.  The  objective  of  this  study  is  to  investigate  the  potential  of 
acoustic  emission  for  locating  existing  damage,  detecting  and  tracking  damage 
Initiation  and  progression,  identifying  potential  fracture  sites  and 
possibly  distinguishing  between  the  major  failure  mechanisms.  Special 
emphasis  la  placed  on  an  attempt  to  distinguish  those  emissions  caused  by 
newly  created  damage  from  those  caused  by  friction  among  existing  fracture 
surfaces  (delamination  and  matrix  cracking).  It  has  already  been  determined 
that  a  significant  amount  of  emission  is  caused  by  such  existing  damage. 

Data  recorded  include  accumulative  events,  counts,  count-rate,  and 
number  of  counts  per  event  as  a  function  of  applied  load  and  msaber  of 
cycles,  and  line  location  and  amplitude  distribution  histograms  of  events. 
Acoustic  emission  results  are  compared  qualitatively  with  visual  microscope 
observations  of  the  actual  daaage  progression  in  real  time  and  with  the 
fracture  behavior  and  deformation  characteristics  of  the  subject  laminate. 


*  Work  supported  in  part  by  NASA  Langley  Research  Center 

•♦Graduate  Student  and  Associate  Professor,  respectively.  Department  of 
Mechanical  Engineering  and  Mechanics,  Drexel  University,  Philadelphia, 
PA  19104 
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Mixed  Mode  De lamination  Cracking  ol  Graphite/Epoxy  Composite* 


Walter  L.  Bradley  and  Peter  S,  Vaadarklay 
Mechanical  Engineering  Department 
Tesas  ABM  University 
College  Station,  TX  7 7A4 3-3123 


A  new  test  for  studying  the  nixed  mode  I /mode  II  dalaainatlon 
fracture  has  been  developed.  An  asywetrically  loaded  double  canti¬ 
levered  beam  (DCB) ,  rigidly  supported  at  Che  no cracked  end,  is  tented 
with  the  results  analysed  using  simple  beam  theory.  Superposition  la 
utilised  to  separate  the  loads  into  a  ay ami  trie  component  Pj  +  p2 

5— =• 

and  an  says  trie  component  P1  ~  p2  .  The  pore  mode  I  sneegy  release 

2 

rate  G,  is  determined  using  standard  DCB  analysis  for  a  load  ef  P1  p2 

2 

pulling  the  beans  open.  The  nods  II  energy  release  rate  G__  is  calcu¬ 
lated  assuming  the  two  beans  are  deflected  in  tbe  sane  direction  with 
a  load  of  p^  ~  p2  .  Adjacent  to  tbe  crack  tip  the  inside  elements  of 
_ 

the  two  beams  are  in  tension  and  compression  respectively,  giving  a  pare 
shear  stress  at  the  crack  tip.  ^ 

As  the  fraction  ef  .mode  II  energy  release  rate  — 5“ g~ — *  *■*■••••■ 


from  0  to  0.35,  the  total  critical  energy  release  rote  C-  „  iacreaaed 
from  150  J/*2  co  550  J/n2.  Fractograpbic  anomtnatlnn  ofxn*  epeelaans 
indicated  Increasing  incidence  ef  ’'scalloping"  and  fiber  breakage  with 
Increasing  component  ef  G.  .  The  results  have  bean  Imtarprabad  no  Imply 
that  the  effect  of  imcrealXag  node  II  Shear  la  to  u— lineally  redirect 
tlie  crack  Into  the  fibers,  tbe  crack  apparently  trying  no  propagate  an 
the  principal  normal  stress  plena.  As  the  crank  runt  typically  break 
the  fibers,  mlcnscracbs  ammt  be  mpaanndyclamaad  end  oasis  was  d  *olxh 
the  macrocrack,  giving  a  fracture  surface  with  a  morphology 
that  of  a  asm  blade. 


similar  to 


DELAMIHATION  FRACTURE  IN  BONDED  LAMINATES  AND  JOINTS 


U.  Yuceoglu  and  D.P.  Updike 
Lehigh  University,  Bethlehem,  ?A  18015 


Fatigue  and  static  failure  behavior  observed  in  anisotropic  layered 
composites  such  as  bonded  multi-layer  plates  and  shells  are  very  complicated. 
Several  failure  modes  interact  and  modify  each  other  in  many  cases.  It  is 
obvious,  then,  that  the  task  of  including  all  the  failure  mechanisms  in 
an  analytical  model  vould  be  intractable.  Therefore,  some  simplications 
in  the  analytical  model  are  necessary.  In  the  case  of  bonded  multi-layer 
plates  and  shells  made  up  from  metallic  alloys  the  dominant  failure  modes 
are  usually  a  mixture  of  transverse  cracking  and  delamination  within  the 
adhesive  layer.  Experimental  observations  indicate  that  failure  usually 
initiates  from  initial  flavs  and  discontinuities  where  relatively  high 
stress  concentrations  occur. 

Therefore,  the  objective  of  this  study  is  to  consider  approximate 
analytical  formulation  of  the  static  delamlnatlon  failure  in  multi-layer 
cylindrical  shells  starting  from  one  (or  two  closely  spaced)  initial 
delamination  flaw(s).  The  composite  shell  Is  assumed  to  be  under  internal 
pressure  with  pressure  leaking  into  both  flaws  or  cavities  as  in  Fig.  1. 

The  delamination  fracture/failure  criteria  used  for  adhesive  bonded  laminates 
are  mainly  S  -  Criterion  [l]  and  G  -  Criterion  [2].  Since  the  stress 
concentration  factors  can  be  readily  calculated  as  shown  in  [2],  the 
G  -  Criterion  is  employed  here.  Then  Griffith's  Strain  Energy  Release  Rate 
or  G  -  Criterion  yields  the  critical  pressure  at  the  onset  of  unstable 
delamlnatlon  propagation  as 

Pcr  /t/BYa  -  (2/[(ki  +  l)2  ♦  (B/G)(k|  ♦  k|)]}*-,  P0-*Pcr  (1) 


where  t  is  the  adhesive  thickness  and  B  and  G  is  adhesive  elastic  constants, 
and  fc.  is  the  adhesive  normal  stress  and  k„,  k,  are  adhesive  shear  stress 
concentrations.  Assuming  that  y  for  the  adhesive  is  known  or  obtained 
experimentally,  the  critical  pressure  P  is,  then,  calculated  and  plotted 
as  a  function  of  delamlnatlon  flaw  length  £(£■  (  »  l) .  Further  extension 
of  the  analysis  to  the  dynamic  delamation  fracture  cases  is  also  discussed. 
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OPTIMUM  DESIGN  OF  COMPOSITE  PLATES 


T.  R.  Tauchert 

Department  of  Engineering  Mechanics 
University  of  Kentucky 

and 

S.  AdibhatVa 

Insti  tute  for  Mining  and  Minerals  Research 
Uni uersl  ty  of  Kentucky 
Lexington ,  Kentucky  40606 


Optinun  design  of  laminated  fiber-reinforced  composite  structures 
entails  a  determination  of  the  nueber  of  plies  and  the  corresponding 
ply  orientations.  In  this  paper  an  optimization  procedure  is  pro¬ 
posed  for  the  design  of  ceeposlte  plates  subject  to  flexure.  The 
optimality  criterion  considered  is  that  of  minimum  strain  energy.  This 
criterion,  known  also  as  the  criterion  of  maximum  stiffness  [1],  has 
been  uSed  successfully  for  the  design  of  fiber-reinforced  beams  end 
pressure  vessels  [21.  In  the  ease  of  plate*  obeying  the  Mrohhmff- 
Love  hypothesis,  deformation  analysis  is  carried  out  using  the  Ray  lei  gh- 
Ritz  method.  A  quasi  Newton  procedure  is  used  far  the  optimisation, 
with  the  initial  point  obtained  via  a  random  jump  tsnhmiipm.  numerical 
results  ere  presented  for  -rectangular  laminates  possessing  mid-plane 
Symmetry.  Various  boundary  senditions  end  loadings,  including  -dis¬ 
tributed  end  discrete  forces  end  temperature  variations,  art  considered. 
The  effects  of  tagwsing  orientation  restrictions  [3]  an  the  laminate 
design  ere  a-Ho  ammined. 
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FRACTURE  MECHANICS  OF  HOMOGENEOUS  AND  HETEROGENEOUS  STRUCTURES  USING 
ISODYNE  PHOTOELASTICITY 


Jerzy  T.  Finders,  Bogdan  R.  Kras nows ki 
Department  of  Civil  Engineering 
University  of  Water loo 
Waterloo,  Ontario,  Canada,  N2L  3G1 
and  . 

Marek-Jerey  Finders 
Material  Sciences  Corporation 
Gwynedd  Plaza  II,  Spring  House,  Pennsylvania,  U.S.A. 


The  actual  stress  states  at  tlpa  of  notches  and  cracks  In  plates, 
or  lamination  boundaries,  are  three-dlnenslonal  and  are  pronounceably 
spatially  distributed.  In  homogeneous  Materials,  the  existence  of  such 
stress  states  Is  often  overlooked  in  engineering  practice  and  research, 
particularly  when  the  geometry  of  body  suggests  the  existence  of  a  plane 
stress  state.  In  heterogeneous  Materials  (laminated  or  coapoeite  struc¬ 
tures)  this  problem  la  Much  More  complicated;  however,  the  Influence  of 
the  actual,  three-dlnenslonal  stress  state  on  the  structural  Integrity 
for  these  Materials  la  often  stronger  than  for  homogeneous  materials. 

The  current  experimental  methods  are  insufficient  to  verify  various 
simplified  analytical  solutions  because  of  inherent  limitations,  parti¬ 
cularly  when  employed  for  heterogeneous  materials. 

It  la  also  well-known  that  the  three-dimensional  stress  state  Influ¬ 
ences  the  crack  Initiation  and  propagation  In  homogeneous  materials;  in  com¬ 
posite  structures,  e.g.  connections,  the  actual  three-dimensional  stress 
state  can  lead  to  delamlnatlons ,  which  are  caused  by  the  so-called  peel 
stresses;  In  the  plane  a trees  field  approach  such  s tree sea  are  neglected. 

It  has  been  shown  that  the  non-destructive  methods  of  lsodyne  photo- 
elasticity  can  be  easily  appllsd  to  dstect  and  to  determine  the  actual 
components  of  the  stress  states  In  regions  of  contacts  and  cracks. 

A  problem  of  great  importance  tn  laminated  composite  structures  Is 
the  stress  redistribution  la  the  vicinity  of  cracked  layers.  Such  situ¬ 
ations  arise  In  configurations  that  Include  laminae  oriented  at  90*  to 
the  load  axle.  That  problem  la  the  asln  topic  of  this  paper. 

The  actual  stress  fields  determined  by  tbs  method  of  Isodynes  Is 
coapared  with  various  analytical  results  In  order  to  determine  the  range 
of  validity  of  the  Idealised  as theme tl cal  models. 
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On  the  Existence  of  Pass-lands  and  Stop-Bands 
In  Periodic  Particulate  Campos  I tes 

By 

V Ikran  K.  Kinra  and  Eric  L.  Her 
Department  of  Mechanical  Engineering,  Box  427 
University  of  Colored*,  Boulder,  CO  09909 


It  has  been  shown  previously  that  the  dispersion  curve  for  periodic 
layered  (one-dimensional)  and  fibrous  (two-dimensional)  composites  is 
characterized  by  pass-bends  and  stop-bands.  In  this  work  we  demonstrate 
experimentally  the  existence  of  the  same  In  two  per  iodic  particulate 
(three-dimensionel)  composites:  I)  gless  spheres  (2  mm  dia.)  in  an  epoxy 
matrix  with  a  (2.54  mm)'  unit  call  and  a  volume  fraction  of  Inclusions, 

C  -  13.52;  and  2)  steel  spheres  (l.l  mm  die.)  in  PMNA  with  a  1.32  x  1.32  x 
2.63  mn  tetragonal  cell,  and  C  •  25-42.  Two  through-transmission  ultrasonic 
apparatus  were  used:  I)  water- 1  wears  I on  and  2)  direct-contact.  The 
phase  velocity,  <Ci>,  and  the  attenuetlon,  <«>,  of  longitudinal  waves  in 
the  [100]  crystal  dlroctlon  were  measured  in  the  frequency  range  0.17  < 
n  <  2.5  MHz.  Both  the  toneburst  (steady  state)  and  the  ultrasonic  spec¬ 
troscopy  (transient)  math  ds  were  used. 

RESULTS.  Let  11  -  k|  d/w  -  (2d/Ci)n  and  £  -  <ki>  d/s,  whore  d  is  the  unit 
cell  dimension  and  <  >  denotes  e  comps site  property.  The  figure  shows 
three  pass-bends  and  two  stop-bends.  In  a  layer*#  composite  the  pass- 
bands  do  not  overlap;  hare,  along  the  5'Sxis,  they  do.  The  inset  shows 
corresponding  results  for  a  fibrous  composite  [I]:  the  pass-bands  overlap. 
The  condition  £  •  a  positive  Integer  for  step1 Bends  (enact  for  a  layered 
composite)  Is  satisfied  only  approximately.  The  higher  stop-bends,  5-3 
and  5-4,  are  net  observed,  (for  glees /epoxy  case  (larger  spheres),  5  -  I 
was  observed,  5-2  and  5-3  were  net).  Ms  conjecture  that  the  absence  of 
higher  stop -bends  Is  des  te  the  excitation  ef  particle  resonances  which 
dominates  the  lattice  resonances.  Steet/fHNR  random  composites  with  the 
sene  C  were  else  tested.  At  very  low  end  very  high  8,  <Ci>  for  the  two 
cases  becomes  nearly  Identical;  <a>  Is  generally  higher  far  the  random  case. 


[I]  H.J.  Sutherland  and  R.  Llngla,  J. 
Compos  its  Materials,  6,  p.  4fb 
(1972). 


Dislocations  in  Layered  Madia 
G.  Onoike  and  C.  Vilmann 
ME-EM  Department 

Michigan  Technological  University 
Houghton,  MI  49931 


The  stress  field  due  to  an  edge  dislocation  is  useful  in  modelling 
deformation  and  fracture  phenomena  associated  with  composite  materials 
[1,3,3].  In  this  work  the  stress  and  displacement  field  is  developed 
for  dislocations  lying  within  and  at  the  intersection  of,  infinite  iso¬ 
tropic  layers  with  differing  elastic  constants.  These  layers  are  as¬ 
sumed  to  have  perfectly  coherent  interfaces  where  both  traction  and 
displacement  remain  continuous.  Using  the  image  theory  of  dislocations 
[4,5]  and  the  stress  functions  obtained  by  Mura  and  Dundurs  [6],  the 
Airy  stress  function  for  each  of  the  layers  may  be  constructed.  The 
resulting  series  solution  may  be  truncated  at  any  degree  of  accuracy 
desired.  In  general,  since  the  stress  term  associated  with  dislocations 
are  all  of  the  order  (1/r) ,  relatively  few  reflections  are  needed  to 
accurately  represent  the  stress  field. 

Kith  this  stress  field  developed,  it  is  used  as  a  Green's  function 
of  an  integral  equation  developed  to  model  slip  band  development  and 
fracture  within  a  layer.  With  the  Green's  function  in  series  form  it 
is  seen  that  the  associated  integral  equation  may  be  solved  in  a  very 
straight  forward  manner.  Moth  slip  bands  and  cracks  are  studied  as 
they  approach  interfaces. 
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Surface  Sates  resulting  (tar  U 
flying  atone,  la  an  1  ago  r rant  design  coaaldaretloa  far  atoaoti.ee  body 
paoala.  Traditionally ,  the  at face  daaage  of  natal  tody  paaala  la 
characterised  by  cha  dant  dapeh.  However,  parattere  In  acMltloe  to  the 
dent  depth  are  aeaded  for  emitting  congenita  panala  beta  of  the 
differences  In  ebeirved  danage  nadaa.  la  this  paper,  oar  peltry 
Interest  is  to  study  the  danngs  ef  panels  eade  of  chapped1  fiber  reinforced 
sheet  tiding  unnpnimil  (SMC)  ounpoaliee  subject  to  a-  point  Inpecr 
loading.  Wa  selected  glace- fiber  reinforced  SMC- 33  (33X  fiber  by  weight 
In  a  pelyeeter  reals  eng  oalnit  Larbanaf  filled  train)  since  it  la 
typical  of  tha  ttarlcle  used  ter  autottive  eppllcalioee. 


He  suite  at  ahratacd  ter  the 
the  surface  danpo  art  at  1  apart  i 
A  steel  hall,  22.2  t  ta  St  otter  « 
air  am  to  proelite  Che  paint  tapaal 
tplnynd  to  obtain  the  Inpwr  and  i 
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chad,  the  done  depth,  and 
ng  free  43  to  lOg  Wh. 
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parattot  to 


looiy  an  sell  wm  quantitatively 
subject  to  a  peine  lapaet  load!) 
erludc  that,  instead  of  the 
d  be  tad  an  Che  prlUar j 
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Organiser  and  Chairperson:  C,  E.  TAYLOR ,  University  of 

Florida 

Co-Chairperson:  J.  der  HOVANESIAN ,  Oakland  University 

9:30  -  10:00  G.  A.  COSTELLO,  University  of  Illinois-Urbane: 

"Axial  and  Rotational  Response  of  Wire  Rope" 

10:00  -  10:30  X.  K.  ROWLANDS,  University  of  Wlsconain-Madiaon: 

"Photomechanical  Analysis  of  Diverse  P rob lens" 

10:30  -  11:00  COFFEE  BREAK 

11:00  -  11:30  J.  L.  TURNER,  Auburn  University,  and  J.  L.  FORD, 
Firestone  Central  Research  Lab.,  Akron: 

"Shear  Coupling  Effects  in  Cord-Rubber  Composites" 

11:30  -  12:00  S.  K.  CHATURVKDI,  University  of  Florlda-Gaineavllle : 

"Photoelastic  Constitutive  Relations  for  Anisotropic 
Blrefrlngent  Composites" 

12:00  -  12:15  R.  LAKES,  University  of  lama: 

"Experimental  Generalised  Continuum  Mechanics  of  a 
Porous  Material" 

12:15  -  12:30  T.  B.  SZWILSKI,  University  of  Kentucky: 

"Method  of  Determining  the  Anisotropic  Elastic  Moduli 
of  Coal" 


Axial  aai  iMttlaatl  haapoaaa  at  Wn 
Georgs  A.  Costello 

Da  part  Bant  of  Dwaratlcal  ad  Applied  Mechanics 
Dales  ratty  of  Illlsola 
1<M  S.  Wright  St. 

Vrtau,  It  61*01 


ASSTSACT: 

tho  agiattoM  governing  tha  axial  aa4  rotatloaal  response  of 
•Ira  toga  ara  presents*.  Tho  pnelone  aaallaoar  egaatleaa  arc 
If  apart  ted  aai  axgraaol— a  ara  p reseats*  far  tha  axial  forea  aaA 
tho  axial  twisting  Mating  aoaent  la  tana  of  tha  axial  otrala 
ad  tha  axial  catatlaaal  attain.  Tha  raaalta  an  appllai  ta  a  4  x 
M  Saala  INK  «tn  rapa.  A  load  deforest loe  cam  for  tho  ahova 
aest toned  rapa  la  obtained  eaperlaoacally  aai  tha  raaalta  ara 
caapani  with  theory. 


LYSIS  ar 


hohart  |.  Nawlaade 
Paper tas at  of  Kgiaaarlag  Nachaalca 
University  of  Wlacaaaia 
Nailaaa.  Wisconsin  5370* 


fhotsnochanlcs  (aelr*,  holography,  apoehla.  Taaag'a  frlagaa 
aai  phatoolaatlelty)  la  aaai  to  aaalyola  several  caataaporary 
prohlaaa  la  aaglaaarlag  acloaco.  Tha  axparlaaatal  tactalpna  ara 
frageeatly  syaorgtsai  with  auaarlcal  aai  atraagtha  coacapta. 
Sltaatlaaa  ianlrlag  aai  not  ropy,  hatarogaaaity,  noallaaartty, 
ctyagoalca,  fractwra  aachaalca  or  dynast  cs  an  oaphaalaoi. 
Nxanplos  an  aalactai  froa  holtai  joints.  aooi  aai  paper  physics, 
flhroas  ooapaaltao  aai  aaargy  storage. 


SHEAR  COUPLING  EFFECTS  IN  CORD-RUBBER  COMPOSITES 


John  L.  Turner  John  L.  Ford 

Dtpt.  of  Agr.  Engr .  A  Firestone  Central  Raaaarch  Lab 

Auburn  University,  AL  35486  Akron,  OH  71917 

The  shear  coupling  phanoawnon  is  demonstrated  to  be  significant 
and  controlling  the  response  of  two  ply  co.'d-ruhber  composites.  Inter- 
laainar  shear  strain  distributions  are  found  to  be  strongly  dependent  on 
thicknees-to-vldth  ratio  of  the  sped nans.  Two  ply  specimens  becoae 
highly  shear  flexible  as  thickness-to-wldth  ratios  exceed  1/30.  Linear 
orthotropic  material  characterisation  of  cord-rubber  composites 
is  found  to  be  Justifiable  within  Units.  NiaMrlcal  modelling  of  axis- 
ymmstrlc  cord-rubber  structures  requires  a  three-dimensional  displacement 
formulation.  Such  a  model  has  been  developed  and  experimentally  validated. 

PROTOELASTIC  COHSTITUTIVI  RELATIONS  FOR  ANISOTROPIC 
■IREPRINGENT  COMPOSITES 

Shiva  K.  Chaturvadl 
Department  of  Engineering  Sciences 
University  of  Florida,  Gainesville,  FL  32611 

The  theories  of  photoalastlclty  for  composite  materials  proposed  in 
the  literature  may  broadly  be  divided  into  two  main  streams,  namely;  the 
ad  hoc  and/or  the  approach  involving  stress-proportioning  between  com¬ 
posite  constituents,  and  the  phenomenological  one.  The  ad  hoc  approaches 
appear  inadequate  in  view  of  their  failure  in  interpreting  unqui vocally 
the  observed  isochroma  tic  and  isoclinic  fringe  patterns.  While  the 
later  based  upon  idealisation  of  composites  on  a  macroscopic  scale  as 
anisotropic  and  homogeneous  (optically  as  well  as  elastically)  appear  to 
be  very  promising  in  providing  a  rational  basis  for  the  photoelastic 
interaction.  The  above  concepts  will  be  examined  closely  to  Interpret 
a  proposed  photomechanical  constitutive  relation  with  a  view  to  uniquely 
determine  the  nvabar  of  independent  photoelastic  constants  for  a  com¬ 
posite  and  to  Interpret  the  effect  of  initial  birefringence  upon  its 
response. 

Results  will  be  presented  to  show  also  that  the  composites  exhibit 
a  lower  degree  of  anisotropy  with  respect  to  strain-optic  behavior  than 
with  respect  to  stress-optic  behavior  and  isocllnics,  in  general, 
represent  neither  the  directions  of  principal  stresses  nor  of  principal 
strains.  Finally,  some  Important  deviations  from  isotropic  photo- 
slastlcitywill  be  presented. 

1.  Bert,  C.W. ,  "Theory  of  Photoelasticity  for  Birafringent  Filamentary 

Composites",  Fibre  Science  and  Technology.  Vol.5,  1972, pp. 165-171. 

2.  Chaturvadl,  S.K. ,  "Fundamental  Concepts  of  Photoelaatlclty  for  Anis- 

troplc  Composite  Materials",  Int.  J.  Earns.  Scl..  Vol.  20.  1982. 

pp.  145-157. 

3.  Agarwal,  B.D.  and  Chaturvadl ,  S.K. ,  "Exact  and  Approximate  Strain- 

Optic  Laws  for  Photos las  tic  Composites",  Polymer  Composites  (to  be 

published). 


( 
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EXPERIMENTAL  GENERALIZED  CONTINUUM  MECHANICS 
OF  A  POROUS  MATERIAL 


Roderic  Lake* 

Division  of  Materials  Engineering 
College  of  Engineering 
University  -of  Iowa 
Iowa  City,  Iowa 


A  porous  polyweric  foaa  aaterial  with  cell  also  ~  1  me  is  oaamlaod 
experimentally  with  the  ala  of  characterising  it  ns  a  generalised 
continuum.  Coaoerat  (mlcropolar)  and  nicroe true ture  (nlcrenerphic) 
elasticity  theories  are  considered  as  possible  generalised  coetiwuwn 
models.  The  following  experieental  aethoda  ware  weed:  (i)  quests tat lc 
tension,  torsion,  and  bending  of  cylindrical  rods  of  different  sisea,  and 
(11)  propagation  of  congressional  waves.  Deed  weight  loading  was  used  to 
achieve  tension  end  a  nicroscope  was  used  to  aeaaure  displacements.  For 
torsion  and  bending,  the  interaction  between  a  He  lab nits  coll  and  a 
permanent  magnet  generated  the  torque ,  and  a  laser  wen  meed  to  aeaaure 
the  angplar  displacement.  The  quae is tat ic  esperl newts  are  sufficient  to 
determine  all  six  elastic  const ante  of  an  inotropic  ndcrepolar  material. 
The  wave  .experiments  reonal  its  mtcromarphl c  dngrees  ef  f random,  if  may. 

In  euaaiatatic  cerolen,  the  esperimnmtal  data  am  fitted  well  by 
chose  lag  a  sheer  modulus  G  -  0*6  M/ml,  a  polar  ratio  p  -  1.5,  n 
characteristic  length  in  torsion  ^  •  J.I  me,  and  a  ooapOJ,^  aaahar  M2  • 
0.0*.  la  hams! on,  the  aaaearad  Young's  aorta I  ue  la  X  -  1,3  m/ml,  and  v  » 
0.07.  ttaaa  (  —  26(1  r  v)  a  h  the  claaalcsl  case,  S  based  an  C  and  v 
ahnwld  be  1.ER*  *Nt hi,  *  satisfactory  egreeaaer  with  1  saeaewert  directly 
la  teao ion.  For  beading.' the  data  oaanat  he  fitted  eooeaetely  by  a 
theoretical  ml cwwpnlsr  curve,  tor  larger  diameter  epeclaaaa,  the 
eaperimental  palate  ate  n anal  steer  with  <  -  L.1  WAm*,  N2  ■  Q.09,  sad  the 
characteristic  length  la  heading  ^  ■  J  aa.  The  a— liar  diene  ter 
specimens  aae  nose  compliant  than  -uhet  is  pc  nil  mad  hy  mlcropolar  theory. 
To  emplono  the  peaaAhllity  that  the  material  may  haws  ad tr amorphic 
degrees  of  freedom,  neve  experiments  mare  also  ,dsas.  A  sharp  eateff  of 
wovoo  was  eheerved  at  10  has.  Tbs  eateff  la  tan  sbewpt  to  be 
rolsxatiooal  in  mature,  hat  is  cooaiateat  with  a  oeapltag  af  the  aiuw  tic 
wave  with  atcro-vibratiooa. 

la  conclusion,  the  foaa  is  deecrihahle  as  a  claaaloel  ceetlauua  for 
specimen  disasters  greater  than  60  Coaoerat  elasticity  is  aa 
appropriate  continuum  nodal  for  diameters  60  aa  to  Xg  an.  deviations 
from  Goeeerat  elasticity  era  observed  in  banding  af  rods  with  diameter  SO 
an  or  lass.  In  wave  propagation  experiments ,  adcronsrpbic  effaces  are 
observed  for  meveleagtbe  of  the  order  25  at,  mereaorphic  degrees  ef 
freedom  nay  be  responsible  for  tbo  quests tat lc  rnsalts  la  the  handing  af 
thin  rode. 


Method  of  Determining  the  Anisotropic  Elastic  Moduli  of  Coal 
by  Tony  B.  Szwilskl,  Department  of  Mining  Engineering,  Univer¬ 
sity  of  Kentucky 

ABSTRACT: 

Under  a  project  funded  by  the  Department  of  Energy,  a  stiff  multi- 
axial  compression  cell  has  been  designed  to  allow  30.5cm  (12  Ins.)  cube 
specimens  to  be  loaded  in  compression.  Figure  1.  The  principal  objec¬ 
tive  of  the  research  program  is  to  determine  the  elastic  constants  of 
various  coals  by  static  methods.  In  addition,  these  elastic  properties 
will  be  correlated  with  the  structural  properties  of  the  various  coals 
in  search  of  valid  connections  between  elastic  moduli  and  other  more 
readily  determined  material  properties.  The  main  research  effort  is 
establishing  a  theoretical  relation  between  load  and  deformation  in  a 
molecular  solid  whose  structure  is  intermediate  between  the  rubbery  en¬ 
tropy  dominated,  random  chain  configurations  treated  by  Flory  £1  }  and 
the  elastically  stiff,  bond  energy  dominated,  linear  chain  configurations 
treated  by  Treloar  C  23- 

Figure  2  shows  the  test  specimen,  loading  configuration  and  deforma¬ 
tion  gage  schematically.  The  specimen  is  30.5cm  (12  ins.)  cub  and  has  a 
3.81cm  (1.5  ins.)  cylindrical  hole  drilled  through  its  center.  The  cube 
faces  are  loaded  by  principal  atresses  olt  o2,and  o3  by  means  of  flat jacks 
and  the  corresponding  radial  displacements  are  measured  by  a  United  States 
Bureau  of  Mines  gage  p  ]  which  is  emplaced  and  positioned  in  the  cylindri¬ 
cal  hole  by  means  of  a  placement  rod.  An  existing  theory  [  4  ],  relating 
the  radial  displacements  in  a  cylindrical  hole  to  the  transverse  principal 
stresses  in  an  elastically  othortropic  material,  gives  an  adequate  account 
for  material  anisotropy.  Based  on  this  theory  a  solution  has  been  devel¬ 
oped  to  determine  the  elastic  moduli  perpendicular  to  the  centrally  drilled 
hole. 

REFERENCES 

Cl]  Flory,  P.J.,  'Statistical  Mechanics  of  Chain  Molecules',  Trans. 

Faraday  Soc.  57  829  (961),  Interscience  1969. 

C2]  Treloar,  L.R.G.,  'The  Physics  of  Rubber  Elasticity',  Oxford,  1958. 

C 3]  Hooker,  V.E.,  et.  al,  'Improvements  in  the  Three-Component  Bore¬ 
hole  Deformation  Gage  and  Overcoring  Techniques',  USBM,  RI  7894, 

1974. 


C 4]  Becker,  R.M. ,  Hooker,  V.E.,  'Some  Anisotropic  Considerations  in 
Rock  Stress  Determinations',  USBM,  RI  6965,  June  1967. 


Fig.  1  Fig.  2 
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Session  WA-1 ;  CONTINUUM  HffiRMDDYHAHICS 


Organizer  and  Chairperson:  D.  E.  CARLS  CM,  University  of 

Illinols-Urbana 


*  2:00  -  2:30  B.  D.  COLEMAN,  Carnegie -Mel Ion  University: 

"On  the  Thermodynamics  and  Statistical  Mechanics  of 
Second  Sound  in  Dielectric  Crystals" 

*  2:30  -  3:00  J.  E.  DUNN,  Virginia  Polytechnic  Institute  and  State 

University: 

"Dynamic  Implications  of  Clbbs*  Stability  Criterion" 

*  3:00  -  3:30  R.  L.  VOSD1CK,  Coi varsity  of  Minnesota: 

"Equivalent  Extrema  Problems  In  Classical  Thermostatics" 


3:30  -  4:00  REFRESHMENT  BREAK 


*  4:00  -  4:30  D.  R.  OMEN,  Carnegie -Mellon  University: 

"The  Mole  of  the  Concepts  of  Accessibility  and 
Restorabillty  in  the  Foundations  of  Thermodynamics" 

4:30  -  4:45  C-S.  MAM,  The  University  of  Manitoba: 

"Solid-Fluid  Transitions  in  Uniaxial  Crsop  Taats  of 
Sonllaonr  Viscoelastic  Materials" 


4:45  -  5:00  S.  J.  SPECT0&,  Southern  Illinois  University: 

"On  Gibbs  Stability  in  the  Classical  Theory  of  Fluid 
Mixtures” 

5:00  -  5:15  W.  BKTKR,  I.  MULLER,  end  P.  STREHL0W,  Technieche 
Universltat  Berlin,  W.  Germany: 

"A  Study  of  Equilibria  of  Interconnected  Balloons" 


5:15  -  5:30  A.  M.  ANILE,  Univeraita  dl  Catania,  Italy: 

"Experiments  end  Extended  Irreversible  Thermodynamics" 

5:30  -  5:45  T.  KBOT,  Middle  East  Technical  University,  Turkey: 

"A  Thermodynamic  Development  of  Generalized  Fourier 
and  Mm  Conduction  Lavs  for  Anisotropic  Materials" 
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On  the  Thermodynamics  and  Statistical  Mechanics  of 
Second  Sound  in  Dielectric  Crystals 

Bernard  D.  Coleman,  Department  of  Mathematics, 
Carnegie-Mellon  University,  Pittsburgh,  Pa.  15213 


In  another  talk  at  this  meeting  David  R.  Owen  will 
describe  work  we  have  done  with  Mauro  Fabrizio  which  yields 
the  restrictions  that  the  second  law  of  thermodynamics 
places  on  the  constitutive  equations  commonly  employed  to 
describe  second  sound  in  dielectric  crystals.  In  that  work 
we  show  that  in  the  temperature  range  in  which  second 
sound  occurs,  the  constitutive  equation  for  the 
internal  energy  E  must  contain  a  quadratic  form  in  the 
heat  flux  q,  and  this  quadratic  form  is  determined  by  the 
temperature ‘'’dependence  of  the  tensor  &,  defined  as 
2.  =  K.-1X»  with  &  the  steady-state  thermal  conductivity 
tensor  and  X  a  tensor  introduced  by  Pao  and  Banerjee, 
whose  components  are  relaxation  times  for  resistive 
processes  that  cause  damping  of  second  sound.  (Under 
appropriate  circumstances  the  velocity  U  of  second 
sound  propagating  in  a  direction  &  obeys  the  formula 
U2  =a-JT1ft/c  with  c  the  equilibrium  heat  capacity.) 

In  this  talk  I  shall  show  that  an  elementary  statistical 
mechanical  argument,  based  on  the  phonon  picture  of  thermal 
excitations  in  dielectric  crystals,  yields  an  explicit 
formula  for  the  dependence  of  E  on  q,  and  this  formula 
agrees  perfectly  with  that  obtained  frohi  continuum  thermo¬ 
dynamics.  Moreover, when  the  results  from  continuum  physics 
and  quantum  statistical  mechanics  are  combined,  one  obtains 
an  easily  evaluated  formula  for  (and  hence  a  formula 

for  U)  as  an  appropriately  weighted  sum  of  tensor  products 
of  phonon  velocities. 
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Dynamic  Implications  of  Gibbs'  Stability  Criterion 

by 

J.  E.  Dunn 

Department  of  Engineering  Science  and  Mechanics 
Virginia  Polytechnic  Institute  and  State  University 
Blacksburg,  Virginia  24061 

The  (thermostatlcal)  Idea  of  Gibbs  that  states  which  under  isolation 
maximize  the  entropy  (I.e. ,  Gibbsian  states)  should.  In  some  sense,  be 
"stable"  is  examined  within  the  context  of  modern  thermodynamics.  Precise 
conditions  are  given  for  the  Lyapunov  stability  of  (1)  a  broad  class  of 
uniform  (one  phase)  Gibbsian  states,  and  (11)  those  non-uniform  (multi¬ 
phase)  Gibbsian  states  that  satisfy  a  mathematically  precise  form  of  the 
Phase  Rule.  Our  results  depend  in  a  crucial  why  on  certain  growth  con¬ 
ditions  for  the  energy-entropy-volume  surface  characterizing  the  equllb- 
rlum  states  of  the  material,  but  are  relatively  insensitive  to  its  detailed 
dynamical  response.  Me  thus  expect  our  results  to  be  applicable  to  a 
very  broad  class  of  materials. 

Our  methods  build  on  and  extend  certain  results  nf  J.  Erlcksen , 


B.  Coleman  and  J.  Greenberg. 


Equivalent  Extn 


Problems  in  Classical  Thermostatics 


► 


Roger  Fosdick 
University  of  Minnesota 
Minneapolis.  Mi  55455 

|  In  classical  thermostatics  there  are  several  fundamental 

|  problems  of  minimisation  and  maximisation  that  generally  are 

\  considered  to  be  equivalent.  These  equivalences,  however,  are 

|  not  without  certain  conditions ,  and  it  is  the  purpose  of  this 

!  talk  to  discuss  such  questions. 


The  Role  of  the  Concepts  of 
Accessibility  and  Restorability 
in  the  Foundations  of  Thermodynamics 

by 

David  R.  Owen 
Department  of  Mathematics 
Carneg ie-Ma lion  University 
Pittsburgh,  PA  15213 


Recent  developments  in  continuum  physics  support  the  idea 
that  the  concept  of  state  in  thermodynamics  be  broad  enough  to 
include  scalar  and  tensor  fields  on  a  three  dimensional  body 
and  time-histories  of  a  material  element.  In  order  to  implement 
this  idea  in  the  context  of  thermomechanics ,  one  sntst  examine 
various  notions  of  system  in  terms  of  the  collection  of  states 
and  the  class  of  processes  which  can  connect  pairs  of  states. 

In  this  talk  I  consider  several  definitions  of  system  appropriate 
to  both  classical  and  modern  applications,  and  I  show  how  the 
concepts  of  accessibility  and  restorability  play  a  key  role  in 
the  formulation  and  analysis  of  these  definitions. 


Solid-Fluid  Transitions  in  Uniaxial  Creep  Tests 
of  Nonlinear  Viscoelastic  Material? 


Chi-Sing  Man 

Department  of  Civil  Engineering 
The  University  of  Manitoba 
Winnipeg,  Manitoba 
Canada  R3T  2N2 


Abstract 


Depending  on  the  temperature  6  and  the  stress  level  o, 
some  materials  (e.g.,  frozen  soils)  manifest  qualitatively 
different  behaviour  in  uniaxial  constant-temperature  and 
constant-stress  creep  tests:  for  some  (0,  a)*s,  the  creep 
ultimately  becomes  damped;  for  other  (6,  o)'s,  the  creep 
eventually  becomes  stationary.  We  say  that  a  material  is 
in  the  solid  phase  at  (8,  a)  if  in  creep  tests  at  the  given 
temperature  and  stress  level  the  rate  of  strain  c(t)  -  0 
as  the  time  t  ♦  ®;  it  is  said  to  be  in  the  fluid  phase  if 
c(t)  constant  *  0  as  t  -*•'  «.  For  each  material  capable 
of  such  change  in  behaviour,  the  0-a  plane  thus  exhibits 
a  phase  diagram.  We  prove  several  "generic”  results 
regarding  the  solid-fluid  transition  avd  such  phase 
diagrams.  These  results  are  "generic”  in  the  following 
sense:  when  the  set  X  of  all  materials  that  are  capable 
of  such  transitions  is  equipped  with  a  suitable  topology, 
our  results  hold  for  an  open  and  dense  subset  in  X. 
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OM  GIBBS  STABILITY  Ql  TBS  CLASSICAL 
THEORY  Off  FLUID  HirTORES 

Scott  J.  Spector 
Department  of  Mathematics 
Southern  Illinois  University 
Carboodale ,  Illinois  62901 


Consider  an  inv^scid  fluid  slxturs  composed  of  M  1  constituents. 
A "homogeneous  *(Ate  8  of  suc*>  *  mixture  Is  an  N  +  2-tup  la  g  « 

(p,0,U  .W* . MN)  consisting  of  the  pressure,  tenperature,  and  the 

reduced  chenlcal  potential  of  the  first  M  constituents. 

Gibbs  analyzed  such  nixtures  and  concluded  that  the  state  a  Is 
stable  under  isolation  if 

e<2)  -  8n(g)  +  pv(g)  -  («)  >  c(q)  -  8n(§)  +  Sv($)  -  u®mfl (g) 

for  all  homogeneous  states  a.  (Here  e.n.v,  and  «r  are  the  energy, 
entropy,  specific  volinc,  and  naaa  flux  respectively.)  His  argument 
was  baaed  upon  static  considerations  and  the  precise  relation  of  Gibbs' 
criterion  to  dynamic  stability  was  unclear. 

■scent  works  in  thermodynamics  have  considered  the  dynamic 
Implication  of  stability  under  isolation  and  proven  that  Gibbs' 
criterion  is  sufficient  for  dynamic  stability.  These  works  did 
not  address  the  question  of  necessity.  Our  purpose  is  to  give  an 
elementary  proof  of  the  necessity  of  Gibbs'  criterion. 

He  use  the  second  law  of  thermodynamics  as  a  basis  to  prove 

that 

if  Gibbs'  criterion  fails  at  a  state  i 
then  g  is  not  dynamically  stable, 
in  the  sense  of  Lyapunov  in  the  L*(B)  topology. 


A  STUDY  OF  EQUILIBRIA  OF  OTEBOOMECTED  BALLOONS 

V.  Prayer,  I.  M&ller,  and  P.  Strehlow 
Fachberelcb  9  -  Hernenn-Fottinger-Institut 
Tecfanische  Ohiveraitat 
Berlin,  V.  Germany 


The  equilibria  of  two  balloons  connected  by  a  pipe 
are  systematically  studied.  This  case  provides  a  non¬ 
trivial  occasion  to  illustrate  that  unstable  thermodynamic 
states  nay  be  stabilised  by  a  change  of  environment. 
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EXPERIMENTS  AND  EXTENDED  IRREVERSIBLE  THERMODYNAMICS 


Angelo  Marcello  ANILE,  Seminario  Matematico  University  di  Catania,  CittA 
Universitaria,  Viale  A.  Doria  6  -  95125  CATANIA  (Italy) 

It  la  wel*  known  that  in  gas dynamics  the  Navier-Stokes  constitutive 
equations  for  the  viscous  stress  and  the  Fourier  law  for  the  heat- flux  vector 
fail  in  those  cases  where  rapid  macroscopic  changes  occur,  such  as  for 
high-frequency  sound  waves  and  for  strong  shock  waves  [l] .  In  these  situa 
tions  it  is  customary  to  resort  to  kinetic  theory.  However  it  is  of  acme 
interest  to  investigate  whether  modified  constitutive  fluid  equations  might 
provide  an  equally  acceptable  description  as  kinetic  theory.  Modified  con 
stitutive  equations  for  fluiddynamlcs  have  been  put  forward  by  nailer  [2J 
in  the  framework  of  extended  irreversible  thermodynamics.  These  equations 
of  the  *!C.’sler  type  have  the  pleasant  feature  of  leading  to  finite  wave 
speeds  for  thermal  pulses  and  acceleration  waves,  at  variance  with  the 
Navier-Stokes  and  ourier  laws. 

The  propagation  of  small  acoustic  disturbances  in  a  monatomic  gas  in 
the  framework  of  Haller's  theory  has  been  studied  by  Anile,  Dixon  and  Flu 
chino  [l]  and  the  results  have  been  compared  with  the  experimental  data  X1 2 3 4 * 6] • 
The  problem  of  the  shock  wave  structure  has  been  studied  for  a  monoato 
mic  gas  in  Hollar's  theory  by  Anile  and  Major ana  [5]  and  the  results  have 
been  cohered  with  the  available  experimental  data  [6] . 

[1]  C.  Cercignani,  Theory  and  application  of  the  Boltzmann  equation,  Edin 
burgh,  (1975). 

[2]  I.  Mailer,  1.  far  Physlk,  198,  329  (1987). 

[3]  A.M.  Anile,  lf.G.  Dixon,  s.  Fluchino,  Mnw  modes  in  gasdynamics  with 
generalized  constitutive  equations,  preprint.  University  of  Catania, 
(1982). 

[4]  H.  Greenspan,  Transmission  of  sound  waves  in  gases  at  very  low  pres¬ 
sure,  Physical  Acoustic,  vol.  2A,  Hew  York,  (1965). 

[s]  a.m.  Anile  and  A.  Major  ana,  Shock  structure  for  heat  /conducting  and 
viscid  fluids,  to  be  published  in  "Neccanica". 

[6]  8.  Schmidt,  J.  Fluid  Meoh.,  39,  361,  (1969). 


A  THERMOOVNMUC  DEVELOPMENT  OF  6ENERALIZED 
FOURIER  AND  OHM  CONDUCTION  LAWS  FOR  ANISOTROPIC  MATERIALS 

Vifir  Irtoy 

Dmpt  of  Bngng.  Seim.,  Middle  Mast  Technical  University,  Ankara.  Turkey . 

This  paper  alas  at  Investigating  a  systematic  and  rational  approach  to  the 
formulation  of  generalized  Fourier  and  Ohai  Laws  In  the  framework  of  classical 
continuum  mechanics.  With  the  use  of  the  thermoelectrical  equilibrium  state 
and  of  the  extremum  value  for  dissipations  of  energy  per  unit  volume  and  time, 
a  set  of  rather  general  constitutive  equations  Involving  several  magnetothermo¬ 
electric  effects  In  rigid  anisotropic  solids  are  derived  and  certain  restric¬ 
tions  on  the  material  tensors  (moduli)  are  explored.  From  these  general  equa¬ 
tions,  the  Maxwell -Cattaneo  equation  for  heat  conduction  and  the  Newtonlan-Ohm 
law  for  electrical  conduction  come  out  In  a  natural  way  If  the  coupling  terms 
are  neglected  while  the  material  being  Isotropic.  Thus  the  foresald  empirical 
equation  characterizing  certain  relaxation  phenomena  In  the  conducting  materi¬ 
als  are  now  Justified  on  thermodynamic  grounds  as  well  as  they  are  generalized 
for  magnetothermoelectrical  anisotropic  and  inhomogeneous  materials. 

In  the  derivation  of  the  generalized  equations.  It  Is  shown  that  there 
need  at  most  six  Independent  material  tensors  to  describe  the  thermoelectrical 
relaxation  phenomena  when  a  linear  constitutive  theory  Is  taken  Into  account. 
For  the  materials,  which  are  rather  simple  not  having  certain  effects,  the 
number  of  the  material  tensors  reduce  either  four  or  two  depending  upon  the 
assumptions.  In  particular.  It  Is  emphasized  that  the  governing  equations  of 
either  thermally  conducting  or  electrically  conducting  solids  give  rise  to  the 
propagation  of  heat  and  /  or  current  pulses  with  finite  speeds  since  the 
theory  leads  to  a  set  of  hyperbolic  PDE's. 

Furthermore,  the  set  of  temporal  evolatlonary  relationships  Is  expressed 
In  the  form  of  Integral  equations.  It  Is  of  Interest  to  note  that  these 
Integral  equations  are  equlvaleht  to  that  of  the  constitutive  theory  based 
on  the  axiom  of  fading  memory.  It  Is  also  worthwhile  to  mention  that  the  equa¬ 
tion  of  electrical  conduction  Is  In  agreement  with  the  results  obtained  by 
means  of  the  special  theory  of  relativity.  Finally,  the  theory  developed  for 
the  general  anisotropy  Is  applied  to  special  cases,  materials  with  higher 
order  symaatrles  and  materials  not  having  certain  effects. 
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Saea Ion  HA-2:  AQOUSTIC/STBUCTUHE  INTERACTION 
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Organizer  and  Chairperson:  J.  F.  UNRDH,  Southwest 

Research  Institute 

Co-Chairperson:  M.  SATHYAHOOBTHY ,  Clarkson  College  of  Tech 

2:30  D.  B.  BLISS  end  B.  H.  T0HGDK,  Princeton  University: 

"Iapadance  and  Sound  Absorption  Characteristics  of  a 
Flexible  Porous  Medina" 

3:00  L.  R.  KOVAL,  University  of  Missouri -Rolls : 

"Two  Models  for  the  Sotmd  Transmission  Through 
Laninated  Composite  Panels" 

3:30  A.  CRAGGS,  University  of  Alberta: 

"Sound  Transmission  Between  Two  Boclosures  Which  Are 
Bounded  by  a  Flexible  Structure" 

4:00  REFRESBOKT  BREAK 

4:30  0.  J.  HEFSKE  and  S.  H.  SONG,  General  Motors  Research 

Laboratories : 

"Automobile  Interior  Boise  Prediction  Ueing  a  Coupled 
Structural-Acoustic  Finite  Element  Model” 

5:00  R. -VAIGAXT1S ,  ColwBbla  University: 

"Cabin  Boise  Control  for  Tein  Rnginc  Oeneral  Aviation 
Aircraft" 

5:30  R.  D.  BLEVINS,  General  Atomic  Company: 

"Acoustic  Bason  an  re  lat-Meet  Brthsmgsr  Tube  RemSlsi" 

5:45  J.  UBhli,  R.  BAVABHTW  and  J.  B08KAM,  University 

"Noise  Reduction  Characteristics  of  Various  Types  of 
Conors!  Aviation  Materials” 
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ABSTRACT 


IMPEDANCE  AND  SOUND  ABSORPTION  CHARACTERISTICS 
OF  A  FLEXIBLE  POROUS  MEDIUM 


DonaldB.  Bliss,  Assistant  Profassor 
Benson  H.  Tongue,  Research  Assistant 

Departaent  of  Mechanical  and  Aerospace  Engineering 
Princeton  University,  Princeton,  NJ  08544 


A  fundamental  study  of  the  acoustic-structural  interaction  of  an  elas¬ 
tic  layer  of  porous  material  hacked  by  a  rigid  uall  has  been  conducted. 
Interest  in  this  problem  started  from  experimentally  observed  irregu¬ 
larities  in  the  low  frequency  Impedance  curves  of  some  porous  materials. 
Coupled  wave  equations  describing  the  behavior  of  both  the  fluid  and 
solid  media  have  been  derived  and  solved  subject  to  the  appropriate 
boundary  conditions.  The  coupling  occurs  through  viscous  and  virtual 
mass  terms  arising  from  the  relative  motion  of  the  two  media.  The 
important  effect  of  structural  damping  has  also  been  included.  Com¬ 
puted  results  for  the  impedance  and  sound  absorption  coefficient  are 
presented  in  a  general  manner  in  terms  of  the  sets  of  relevant  nondi- 
aensional  parameters  of  the  system.  A  detailed  physical  interpretation 
of  the  results  is  given  and  it  is  found  that  many  features  can  be  ex¬ 
plained  in  terms  of  the  behavior  of  a  simpler  model  problem.  The 
interesting  behavior  of  the  system  is  related  to  the  occurrence  of 
resonant  conditions  in  the  fluid  and/or  solid  media.  For  instance, 
it  is  found  that  the  sound  absorption  coefficient  exhibits  a  compli¬ 
cated  behavior  near  the  structural  resonances,  with  minima  occurring 
at  the  resonant  frequencies. 


TWO  MODELS  FOE  THE  SOUND  TRANSMISSION 
THROUGH  LAMINATED  COMPOSITE  PANELS 

by  L.  R.  Koval 

Department  of  Mechanical  &  Aerospace  Engineering 
University  of  Mlssour l-lo 1 la ,  Rolla,  MO  65401 


Two  models  are  presented  for  the  sound  transmission  through  a  lam¬ 
inated  composite  panel.  The  first  modal  considers  an  infinite  composite 
panel  subjected  to  a  uniform  distribution  of  oblique  plane  saves.  The 
transmission  of  a  single  oblique  save  la  determined  first,  and  froa  this, 
the  field-incidence  transmission  loss  of  the  panel  «aaputed.  The  panel 
consists  of  an  arbitrary  number  of  fiber-reinforced  laminates,  with  each 
laminate  having  an  arbitrary  orientation  of  Its  fibers.  The  effect  of 
different  fiber  orientations  Is  mater leal ly  studied,  as  Is  the  effect  of 
noise  Insulation  treatments,  on  the  transmission  loss  of  the  panel. 

The  second  model  deals  with  the  sound  transmission  through  a  finite 
composite  panel  Into  a  finite  receiving  room  with  hard  side  walls  and  an 
absorbent  rear  wall.  This  model  la  an  attempt  to  modal  the  AMID  Noise 
Effects .Branch  noise  transmission  tost  facility  at  NASA  Langley  Research 
Canter.  The  effects  of  fiber  orientation  and  Insulation  treatments  are 
examined  for  this  model,  also. 

The  two  models  atm  compared  with  each  other,  aa  wall  as  with  exper¬ 
imental  data  obtained  by  RASA. 
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Sound  Transmission  between  two  enclosures  which 
are  bounded  by  a  flexible  structure 


By  A.  Craggs 


Dept,  of  Mechanical  Engineering, 
University  of  Alberta,  Edmonton 
Alberta,  Canada 


The  paper  Is  concerned  with  sound  transmission  between  two  small 
acoustic  enclosures  bounded  by  a  flexible  resonant  structure.  The 
problem  is  expressed  first  as  a  free  vibration  problem  in  which 
damping  Is  neglected  and  then  forced  vibration  under  the  influence  of 
sound  absorption  will  be  considered. 

frequently  the  acoustics  of  enclosures  is  treated  in  terms  of 
hard  walled  modes  and  It  is  assumed  that  the  natural  frequencies  are 
not  affected  by  the  presence  of  the  boundaries;  this  is  true  in  many 
cases.  However,  when  the  boundary  Is  flexible  and  has  natural  frequen¬ 
cies  In  the  same  range  as  the  enclosure  then  several  unusual  phenomena 
can  occur.  Firstly,  resonant  modes  exist  which  have  nodal  surfaces  of 
pressure  close  to  the  boundary  -  Implying  that  the  boundary  Is  soft 
rather  than  hard.  Secondly,  due  to  the  coupling  between  the  structure, 
twin  modes  exist  in  one  enclosure.  These  have  the  same  shape  but 
different  natural  frequencies. 

In  the  paper  a  finite  element  model  Is  used  to  calculate  the 
eigenvectors  or  transmission  modes  of  the  complete  system  and 
consequently  explain  the  above  phenomena.  The  model  Is  then  used  to 
calculate  the  sound  transmission  from  one  enclosure  to  another  when 
absorbent  linings  are  present. 


AUTOMOBILE  INTERIOR  NOISE  PREDICTION  USING  A  COUPLED 
STRUCTURAL-ACOUSTIC  FINITE  ELEMENT  MODEL 

D.  J.  Nefske  and  S.  H.  Sung 
General  Motors  Research  Laboratories 
Warren,  Ml  *809 0 

Interior  noise  in  the  automobile  passenger  compartment  can  result 
from  road  and  powertrain  excitations  transmitted  through  the  vehicle 
structure  to  the  compartment  cavity.  To  reduce  this  structure-borne 
noise  at  the  design  stage.  It  Is  helpful  to  employ  analytical  methods 
for  modeling  the  vehicle  and  predicting  its  response.  Among  these  ana¬ 
lytical  methods,  the  finite  element  method  has  been  the  most  successful 
for  modeling  the  complex  geometry  of  the  automotive  structure  [I]  and 
the  interior  passenger  compartment  (2,3] -  Previous  applications  of  the 
finite  element  method  to  the  passenger  compartment  have  included  the 
prediction  of  both  the  free  and  forced  acoustic  response  of  the  compart¬ 
ment.  However,  in  these  studies,  the  vehicle  structure  model  was  not 
coupled  with  the  acoustic  compartment  model,  and  dissipative  effects 
were  not  considered  In  the  acoustic  analysis. 

The  present  paper  employs  the  finite  element  methodology  to  develop 
a  coupled  structural-acoustic  model,  including  dissipation,  for  vehicle 
interior  noise  prediction.  In  this  development,  the  finite  element 
equations  are  first  formulated  for  coupling  an  acoustic  cavity  with 
surrounding  wall  panels,  where  acoustic  and  Structural  damping  ara 
included  in  the  formulation.  Then,  the  reduction  of  this  large  system 
of  coupled  equations  in  terms  of  Its  modal  parameters  is  described.  The 
paper  also  describes  the  implementation  of  this  coupled  analysis  within 
the  framework  of  a  commercially  available  finite  element  code  (NASTRAN) 
and  the  solution  procedure. 

As  an  example,  a  coupled  structural -acoustic  model  Is  presented  for 
the  automobile  passenger  compartment.  In  this  model,  three-dimensional 
acoustic  elements  are  used  to  represent  the  passenger  compartment  cavity, 
which  are  then  coupled  according  to  the  formulation  with  a  structural 
finite  element  model  of  the  vehicle  body.  This  coupled  model  is  used  to 
predict  the  Interior  acoustic  response  for  forced  harmonic  excitations 
applied  to  the  vehicle  structure.  The  structural  modal  participations 
contributing  to  the  acoustic  response  are  Identified  from  the  model. 

The  accurecy  and  limitations  of  the  model  are  discussed,  as  well  as  the 
Importance  of  including  damping  In  the  model. 

(1]  Kamel,  M.  M.  and  Wolf,  Jr.,  J.  A.,  ads.  Modern  Automotive  Structural 

Analysis.  Kan  Nostrand  Reinhold,  New  York,  l$8i.  — — 

(2]  Nefske,  D.  J.,  Wolf,  Jr.,  J.  A.,  and  Howell,  L.  J.,  "Structural- 
Acoustic  finite  Element  Analysis  of  the  Automobile  Passenger 
Compartment:  A  Review  of  Current  Practice,"  Journal  of  Sound  and 
Vibration,  Vol.  80,  No.  2,  pp.  2*7-266,  1982. 

()]  Sung,  S.  N. ,  "Automotive  Appl (cations  of  Three-Dimensional  Acoustic 
Finite  Elements,"  Society  of  Automotive  Engineers  Paper  810397,  <981. 


CABIN  NOISE  CONTROL  FOR  TWIN  ENGINE  GENERAL  AVIATION  AIRCRAFT 


Rimas  Vaicaitis 

Professor,  Civil  Engr.  and  Engr.  Mechanics  Dept., 
Columbia  University,  New  York,  N.Y.,  1002? 


An  analytical  model  has  been  developed  to  predict  the  noise  trans¬ 
mission  into  the  cabin  of  a  twin-engine  G/A  aircraft  (1).  This  model 
is  then  used  to  optimize  the  interior  A-weighted  noise  to  an  average 
level  of  BS  dBA.  The  basic  concept  of  the  analytical  model  is  that  of 
modal  analysis  wherein  the  acoustic  modes  in  the  cabin  and  the  struc¬ 
tural  inodes  of  the  sidewalls  are  accounted  for. 

The  noise  input  pressure  due  to  propeller  blade  passage  harmonics 
is  expressed  in  the  form  of  a  propagating  pressure  field  wherein  noise 
spectral  levels  measured  under  static  test  conditions  are  used.  The 
cabin  interior  is  treated  as  a  rectangular  enclosure.  The  sidewalls 
of  the  aircraft  are  modeled  by  several  discretely  stiffened  panel 
units.  Transfer  matrix  technqiues  are  used  to  calculate  the  natural 
frequencies  and  normal  modes  of  the  skin-stringer  panels.  The  addi¬ 
tional  noise  losses  due  to  cabin  sidewall  treatments  which  do  not  have 
a  direct  effect  on  the  structural  dynamic  characteristics  of  the  skin- 
stringer  panels  are  estimated  by  the  impedance  transfer  method. 

To  reduce  the  average  noise  levels  in  the  cabin  from  about  105  dBA 
(baseline)  to  85  dBA  (optimized) ,  add-on  treatments  which  do  not  in¬ 
volve  changes  in  the  fuselage  primary  structure  are  used.  The  add-on 
treatments  considered  in  this  optimization  study  include  lightweight 
aluminum  honeycomb  panels,  constrained  layer  damping  tapes,  porous 
acoustic  blankets,  septum  barriers  and  limp  trim  panels.  The  added 
weight  of  the  noise  control  treatment  is  about  l.lt  of  the  total  gross 
take-off  weight  of  the  aircraft. 


References 

1.  Vaicaitis,  R.  and  Slazak ,  K. ,  "Cabin  Noise  Control  For  Twin  Engine 
General  Aviation  Aircraft,"  NASA  Contract  Report  165833,  1982. 


ACOUSTIC  RESONANCE  IN  HEAT  EXCHANGER  TUBE  BUNDLES 


R.  D.  Blevins 
General  Atomic  Company 
San  Diego,  CA 


Many  gas-cooled  tube-and-shell  heat  exchangers  emit  an 
intense  acoustic  tone  when  shell  side  flow  is  brought  to  a  certain 
level.  The  tone  then  persists  as  flow  is  varied.  Sound  levels 
as  high  as  165  db  have  been  measured  inside  heat  exchangers 
ranging  from  small  process  units  to  nuclear  reactors  and  utility 
power  boilers  (Refs.  1,2).  The  sound  is  thought  to  be  the  result 
of  periodic  vortex  shedding  from  the  tubes  at  a  frequency  which 
coincides  with  the  natural  frequency  of  an  acoustic  mode  within 
the  heat  exchanger  shell. 


The  sound  within  the  heat  exchanger  shell  is  described  by 
Lighthill's  equation  for  aerodynamic  sound: 
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Sound  propagation  through  a  tube  array  is  analogous  to  propagation 
through  an  array  of  small  scatters  (Ref. 3).  The  speed  of  sound  is 
slowed  by  the  presence  of  the  tubes,  damping  is  increased,  and  the 
effective  density  is  increased.  The  neutral  acoustic  modes  within 
the  heat  exchanger  tube  array  are  coupled  with  the  modes  of  the 
entrances  and  exits,  which  are  free  of  tubes.  Thus,  either 
numerical  or  matching  solutions  are  required  for  the  acoustic  mode 
shapes. 


The  amplitude  of  the  acoustic  wave  is  sought  by  solution  of 
the  modal  equation 

(l-o)V  V  +  R**r  +  wr2Pr  -  c2  V*r 

tubem 

Here  R  is  a  damping  factor  and  F'  is  the  force  exerted  on  the 
fluid  By  a  tube.  F  may  either  ret.lrd  the  acoustic  wave  or  lmpell 
it,  depending  on  tfte  phase  of  the  force  with  respect  to  the 
acoustic  mode  ^  . 

Tests  on  a  variety  of  tube  bundles  in  a  rectangular  shell  are 
planned  to  measure  the  acoustic  modes  and  the  onset  of  resonance. 

A  criterion  will  be  established  to  differentiate  between  array 
geometry  and  damping  chat  lead  to  resonance  and  those  that  are 
free  of  resonance. 
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NOISE  REDUCTION  CHARACTERISTICS 
OF  VARIOUS  TYPES  OF  GENERAL  AVIATION  MATERIALS 

Jaap  Lamdris,  Ramasamy  Navaneethan  and  Jan  Roskam 

Flight  Research  Laboratory,  Center  for  Research,  Inc. 

University  of  Kansas,  Lawrence,  Kansas  66045 

This  paper  describes  results  of  recent  tests  at  the  KU-FRL*  acoustic 
test  facility  to  determine  noise  reduction  characteristics  of  stiffened 
aluminum  panels,  fiber-reinforced  laminated  panels,  and  coumercially 
used  general  aviation  aircraft  interior  trim  panels.  The  tests  are  part 
of  a  continuing  effort  at  the  KU-FRL  to  document  noise  reduction  charac¬ 
teristics  of  panels  and  materials  used  in  general  aviation  aircraft. 
Previous  results  are  summarized  in  References  1-3. 

Tests  were  carried  out  on  20"x20"  panels  in  a  frequency  range  of  20 
to  5000  Hz.  The  noise  sources  used  were  a  swept  sine  wave  generator  and 
a  random  noise  generator.  The  angle  of  sound  incidence  was  maintained 
at  90*.  Typical  parameters  varied  for  the  stiffened  aluminum  panels  in¬ 
cluded  curvature,  constrained  layer  damping,  percentage  of  area  covered, 
pressurization  and  addition  of  sound  absorption  material.  In  the  case 
of  composite  panels,  effects  of  ply  orientation  and  stiffeners  were 
studied.  Twenty-two  different  trim  panel  combinations  were  tested. 

Results  of  varying  each  of  these  parameters  on  the  noise  reduction 
characteristics  at  selected  frequencies  are  discussed.  In  general, 
pressure  differentials  across  a  panel  will  increase  noise  reduction  at 
low  frequencies.  For  curved  panels,  noise  reduction  at  higher  frequen¬ 
cies  will  decrease  in  value  with  increasing  pressure  differential.  The 
effect  of  a  damping  layer  was  found  to  be  small  in  the  non-resonant  re¬ 
gion.  At  high  frequencies,  increase  in  noise  reduction  is  of  the  same 
magnitude  as  the  Increase  due  to  higher  surface  mass  density. 

Composite  laminated  panels  exhibit  greater  low  frequency  noise  re¬ 
duction  than  conventional  aluminum  panelB.  However,  at  high  frequencies 
they  follow  the  mass  law. 

The  efficiency  of  the  trim  panels  Is  discussed  as  a  function  of 
surface  mass  density.  Doubling  the  core  thickness  of  sandwich  panels  is 
more  beneficial  than  increasing  the  thickness  of  the  skin  layers. 
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OPTIMIZATION  0?  DYNAMIC  STRUCTURAL  SYSTEMS 


W.D.  Pilkey 
B.P.  Wang 

Applied  Mechanics  Division 
University  of  Virginia 
Charlottesville,  VA  22901 


This  paper  presents  several  optimization  formulations  baaed  on 
a  scheme  for  the  efficient  reanalysis  of  large  systems.  The  formula¬ 
tions  can  be  used  to  solve  a  variety  of  dynamic  response  problems. 
Including  the  modification  of  systems  to  reduce  the  response  and  the 
design  of  systems  to  achieve  prescribed  response  characteristics.  One 
problem  treated  in  detail  is  the  optimal  vibration  reduction  over  a 
frequency  range.  The  reanalyais  methodology  provides  the  opportunity 
to  handle  large  scale  versions  of  the  familiar  single  mass  tuning 
problem.  Another  problem  is  the  design  of  damping  controllers  for  the 
modal  vibration  control  of  large  structures.  A  two-stage  optimisation 
procedure  is  proposed  in  which  the  optimal  controller  locations  are 
chosen  Independent  of  the  optimum  gains.  An  eigenvalue  separation 
hypothesis  is  presented  for  the  optimal  location  stage. 


p-  vs.  h-Verslons  of  FEM  in  Design  Synthesis 
P.  K.  Basu 

Associate  Professor  of  Civil  Engineering 

D.  Vaailopoulos 
Graduate  Besaarch  Assistant 

Washington  University 
St.  Louis,  Missouri  63130 


For  a  successful  synthesis  of  the  structural  design  process  it  is 
necessary  to  combine  a  reliable  analysis  tool  with  an  efficient  opti¬ 
misation  scheme.  The  most  popular  analysis  tool  is  based  on  the  finite 
element  method,  which  can  be  used  in  two  modes,  one  is  the  h -version 
and  the  other  p-veralao.  The  superiority  of  the  p- vers Ion  of  the  FBI 
in  terns  of  convergence  characteristics,  reliability,  and  Insensitivity 
to  input  parameters  has  been  established  both  niaerlcally  and  analyti¬ 
cally.  Also,  this  version  is  better  suited  to  an  adaptive  scheme  which 
is  s  desirable  feature.  The  results  of  numerical  experimentation  to 
demonstrate  the  performance  of  the  p-veraion  of  the  FEM  In  design 
synthesis  are  presented  and  compared  with  those  obtained  by  using  the 
h-version  of  the  FEM.  The  optimization  tool  used  for  this  purpose  was 
the  NASA's  progrma  CCHMIH. 


Continuation  and  Derivative  Update  Methods 
for  Enhancement  of  Parameter  Optimisation  Algorithms 

John  L.  Junkies 
Virginia  Polytechnic  Institute 
Blacksburg,  Virginia 

A  large  family  of  iterative  optimisation  methods  (those  baaed  upon 
successive  local  linearisations  of  the  performance  index  and  constraint 
functions)  suffer  from  two  common  draubacka:  (1)  obtaining  "sufficiently 
good"  starting  estimates  to  ensure  convergence  of  the  iterations  and  (2) 
the  repetitive  expense  of  calculating  certain  partial  derivatives  and 
solving  certain  linear  systems  of  algebraic  equations,  the  present 
paper  details  results  which,  for  moat  problems  and  meat  optimisation 
algorithms,  significantly  enhances  both  reliability  and  efficiency 
of  convergence. 

Continuation  methods  (also  known  ns  "homo to py  methods",  and  "imbed¬ 
ding  algorithms"),  are  used  to  imbed  the  original  nonlinear  problem  Into 
a  one  parameter  family  of  problems.  The  faati.ly  is  constructed  in  such 
s  fashion  that  it  has  at  least  one  "simple"  problem  whose  solution  is 
available  without  iteration:  the  one-parameter  family  of  problems  is 
constructed  such  that  a  -0  causes  the  family  to  degenerate  continuously 
into  the  simple  problem,  while  o  -  1  causes  the  family  to  reduce  to  the 
nonlinear  problem  whose  solution  ia  sought,  gy  setting  a  to  a  sequence 
of  values,  by  solving  each  of  the  sequence  of  problems, one  can  insure 
that  arbitrarily  good  starting  ltocaclvee  are  available  far  each  problem 
in  the  sequence;  the  converged  intermediate  problems  simply  serve  as 
"stepping  etooea"  (a  homo  copy  chain)  to  provide,  ultimately,  arbitrarily 
close  starting  iterative#  for  tbs  pmUmi  Of  interest,  except  for 
certain  rase  singular  events  (e.g. ,  bifurcation  points),  this  approach 
has  bean  found  to  be  rather  versatile  and  reliable.  It  applies,  in 
principle,  to  nil  parameter  optimisation  algorithms. 

he  also  oomsidsT  methods  for  approximately  updating  available  partial 
derivatives  based  upon  the  aoallasarly  evaluated  changes  whish  occur  in 
the  objective  and  constraint  functions  on  snanaaivs  iterations,  ia  llau 
of  formal  re-e valuation  using  analytical  or  finite  differ  ones  methods. 
The  methods  presented  ere  nultl-dfasaelemal  generalise tiams  of  the 
"secant"  method;  Che  partial  derivative  matrix  is  "updated"  ia  a  mlnlmna 
norm  sense  to  make  the  truncated  Taylor's  series  predict  anectly  the  not* 
linear  function  changes  on  the  Just  naopletod  1  tarnation.  AUo  this 
update  approach  is  heuristic,  it  has  boom  ohnsm  to  bo  reason ehly 
reliable  end  typically  an  order  of  nggnltoda  lees  onpemnive  to  calculate 
than  finite  difference  approximation  of  tba  partial  derivative  matrix. 

In  the  occasional  event  that  the  derivatives  spprswlmsfsl  by  the  update 
method  ore  mot  sufficiently  accurate,  this  will  ho  evident  by  a  diver  pan 
iteration;  in  which  case  one  elaply  recycles  to  the  pnortono  hoot  point 
and  formally  recalculates  the  derivative  matrix  via  analytical  or  finite 
difference  methods.  Using  several  exenplae,  no  shew  that  ana  ean  often 
Iterate  to  convergence  with  a  single  initial  derivative  talcwlatiaa  and 
a  aaqwaaca  of  iterations  using  the  derivative  update  sehama. 

The  results  presented  represent  a  syufhaaia  of  sevasal  fisting  Ideas 
which  do  net  appear  to  bn  widely  appreciated.  The  twtowial  approach  ami 
sweep) oo  provided  la  the  present  paper  should  woke  those  useful  methods 
accessible  to  e  wide  no dienes. 


it 


OPTIMIZATION  WITH  FREQUENCY  CONSTRAINTS  -  LIMITATIONS 


M.  P.  Kait,  Visiting  Scientist 
V.  B.  Vsnksyys 
N.  S.  Khot 


Structures  end  Dynamics  Division 
Flight  DynesU.cs  Lsborstory 
Wright -Pat ter  son  Air  Force  Bess,  08  *5433 


The  authors  stress  the  limitations  of  designing  minimum  weight 
structures  for  e  specified  frequency  of  vibration.  Beginning  with 
Turner's  solution  an  optima  her  with  e  specified  fundamental  frequency, 
the  authors  show  that  the  saount  of  aaterial  that  would  he  necessary  for 
an  optima  bar  of  a  fined  configuration  (length  and  boundary  conditions) 
to  obtain  an  arbitrarily  prescribed  frequency,  can  be  disproportionately 
high  to  yield  a  design  that  la  conpletely  Impractical.  Similar  con¬ 
clusions  can  be  also  shown  to  hold  for  optima  vibrating  beams.  The 
point  la  further  emphasized  by  the  consideration  of  the  optimum  design 
of  e  sled  within  the  cross-sectional  ares  and  the  moment  of  Inertia 
are  approxlamtely  linearly  related. 
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Application  of  Optimization  Methods  to  Composite  Structures 

V.  B.  Venkayya,  V.  A.  Tischler  and  F.  E.  Eastep 

Air  Force  Wright  Aeronautical  Laboratories 
Wright-Patterson  Air  Force  Base.  Ohio  45433 


An  aeroelastically  tailored  composite  wing  structure  has  been 
optimized  for  strength  requirements.  The  wing  was  analyzed  using  the 
displacement  method  of  finite  element  analysis  and  optimised  using  sn 
optimality  criteria.  The  wing  was  modeled  with  membrane  elements  and 
subjected  to  six  static  loading  conditions.  The  weight  of  the  wing 
was  the  merit  function  in  optimisation.  Tha  divergence  characteristics 
of  the  optimised  wing  structure  were  then  analyzed  using  tha  NASTHAN 
program. 


Data  flow  control  of  lob  shops:  Aro  scheduling  aad 
allocet. --a  conparabiy  titfliteg?  WiilianC.  Luwla, 
Jr.,  Aool stoat  Professor,  Nochanlcal  Engineering,  ltensse- 
loor  Polytechnic  Inotituto,  Troy,  MT  ljltl 

Data  flow  optlaliatiM  algorltlms  perform  cwynitly  to 
scheduling  algorithms  for  mm  job  ahoy  applications.  ■pa¬ 
cifically,  data  flow  optlaiiatian  produces  nachlns  tool 
utilisation  ascending  *0 %  aad  allows  a  parts  introduetloa 
policy  which  samaras  shorter  flew  tinea  for  son  1  sport  ant 
batches . 

A  data  flow  algorithm  concerns  directed  flow  of  aaaaafas 
(data)  hotwnaa  nodes  in  a  graph.  An  individual  node  fine 
(transforms  the  data)  only  whoa  data  aro  present  on  all  its 
Inputs.  A  as  china  is  a  Job  shop  aay  bo  considered  a  nods. 

It  la  possible  to  aexlaiao  the  utilisation  Mid  alnlaise  the 
interactions  of  collections  of  such  nodes  by  tbs  following 
data  flow  protocol. 

Work  descriptions  (HC  programs)  are  partitioned  into 

teaks,  and  tronoalttod  as  aaaaagaa.  These  are  saved  in  FIFO 
queues  within  those  nodes  capable  of  porforaing  the  work 
described.  Typically,  each  aaaaaga  will  bo  saved  la  several 
nodes .  Aay  idled  nods  is  aosigand  to  the  first  prograa  la 
its  queue.  Once  assigned,  it  deletes  the  prograa  from  the 
root  of  the  systea,  retaining  only  its  earn  copy.  It  next 
obtains  appropriate  consumable  resources  (tools,  work¬ 
piece),  executes  the  currant  teak,  and  return*  the  consum¬ 
able  resources.  It  then  lncrsesnts  the  prograa '  s  task 
pointer  to  indicate  the  next  task,  aad  re- broadcasts  the 
work  description  as  a  ass  sags.  She  aaaaaga  will  bo  saved  in 
PItO  queues  by  nodes  capable  of  par  fend  ng  the  work,  as 
before,  this  ceapletae  the  cycle.  She  loot  took  of  any  work 
description  la  aoaoval  from  the  systan,  porforeed  at  a  spe¬ 
cialised  unloading  node.  Shot  da  work  description' a  task 
pointer  anat  eventual  ly  indicate  this  last  tank  is  a  conse¬ 
quence  of  the  mo  queues  and  of  faereomatiag  the  teak 
pointer  at  each  task  neap  lotion  - 

One  can  think  of  the  eonammbleo  as  tokens  flowing 
through  a  data  flow  not,  drawn  to  ids  nodes  by  the  work 
description.  The  idle  nodes  fire  whoa  ell  canmmahloe  boon 
arrived. 

Certain  additional  noonuraa  concerning  timing  and  aaaaaga 
redundancy  are  required  to  ensure  systan  offlclaaoy  aad 
stability.  A  series  of  emulation  axpariaanta  suggested 
syntan  insensitivity  to  nachlne  tool  failure,  job  strean 
eoaqpoaltion,  Machine  tool  characteristics,  and  Halted  tool 
supply.  Nsaouraaents  recorded  emulated  utilisation  exceed¬ 
ing  90%  given  raadon  aachiao  tool  failures  below  11%,  and 
good  roapoaao  of  batch  flow  tine  to  boteb  wo i pit. 
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A  Nonlinear  Regression  Algorithm  Based  on 
Predictions  Generated  by  an  Eigensystem 

Dr.  C.  L.  Frieee 

Dept,  of  Quantitative  Methods  A  Information  Systems 
Auburn  University  at  Montgomery 
Montgomery,  Alabama  36193 

Dr.  A.  K.  Rigls r 
Dept,  of  Computer  Science 
Onlverelty  of  Kiseourl  -  Rolle 
Rolle,  Missouri  6SA01 


This  paper  deecribaa  e  new  algorithm  for  the  solution  of  uncon¬ 
strained  minimization  problems  where  the  objective  function  le  in  the 
form  of  i  sum  of  squares.  The  new  algorithm  is  e  conjugate  direction 
method  that  utilises  the  eigenvectors  of  e  certain  matrix  ee  the  con¬ 
jugate  directions.  A  significant  tine  saving  feature  of  the  algorithm 
ie  the  generation  of  e  sequence  of  points  from  predictions  rather  than 
searches,  that  converge  to  e  solution.  The  results  obtained  by  com¬ 
puting  solutions  of  traditional  test  functions  demonstrate  that  this 
algorithm  la  capable  of  following  the  narrow  curved  valleys,  when  the 
starting  point  la  far  from  the  solution.  Such  problems  typically  occur 
as  the  result  of  a  SWT  transformation  of  a  constrained  optimisation 
problem  into  a  sequence  of  unconstrained  problems.  The  usually  pre¬ 
ferred  method  is  to  add  weighted  penalty  terms  that  represent  the 
constraints  to  the  objective  function,  and  than  increase  the  penalty  term 
weights  in  formulating  s' sequence  of  problems.  The  solutions  to  the 
sequence  of  unconstrained  problems  will  converge  to  the  solution  of  the 
original  constrained  problem.  As  the  penalty  term  weight  is  increased, 
the  relative  difficulty  of  obtaining  a  solution  to  the  resulting  uncon¬ 
strained  problem  also  increases  due  to  the  "narrowing"  of  the  curved 
valleys  In  the  contours  of  the  objective  function  surface.  Limited 
experience  with  the  new  algorithm  has  shown  that  the  "narrowing"  of  the 
curved  valleys  has  little,  if  any,  affect  on  obtaining  the  solution. 

The  new  algorithm  does  require  that  the  objective  function  be  of  the 
form  of  a  sun  of  squares  which  is  the  form  of  many  functions,  while 
many  other  functions  can  be  transformed  to  that  form. 


MULTIPLE  CM  TEH  OB  DECISION  MAKING  IN  S80BX1ST 


A.  Roy  Chowdhury  aod  A.  B.  Boy 
Dapartaent  of  Moth — tlca,  Jadsvpor  University 
Calcutta- 700032,  ladle 

There  ate  aeny  realistic  al teat lose  la  aatwerh  floe  problaas 
Intel  dec  la  loo  la  the  aldst  of  adtlple  criterion  which  coa  be 
fn really  atated  aa 

Mesial aa  •  -  Ca 
a abject  to  to  <  b  and  *  >  o 

where  C  aad  A  ate  aetricea  aed  each  elaeeat  of  Z  la  to  be  aerial  aed. 

The  tacbnlqeare  aed  aetboda  of  aolvinj  wwltlpls  objective  llaaar 
prograeadaa  problaao  ate  leea  wall  developed. 

Me  shell  consider  here  the  short  eat  route  prohlae  la  a  network 
wader  ealtiple  erltarfea  where  the  floe  const  relate  are  ceaaaroad  bet 
the  wel^ita  attached  to  each  wipe  Is  a  r-dlnenaloeal  (r  »  1)  vector. 

The  aletn  fa— altaa  baaed  oe  lewyea,  Kotpetfler,  Tasgay  serf 
Larltehev  (1)  la  adepts*  bare  to  caawwit  tie  yeeOlaa  laeo  a  Modified 
if  prohlae.  ha  el  perl  The  baaed  aa  the  Idea  of  Bljsktra  ft)  la  developod 
to  fiad  the  aherteat  path  la  the  wattlple  ebjaetlva  llaaar  >M|raain 
prehlea 

I)  free  a  aaarea  ta  atafc, 

II)  hataaaa  all  the  ordered  pedes  of  vertlcao  la  C. 

Lastly  all  the  atpirtHei  era  ewpladaad  with  the  help  «*  ah 


(1)  Beaayaa,  i,  Bhatapelflar,  J>(  aad  Lerltchey,  0.,  oath.  Praf.  1171, 
1,  3**-375. 

(E)  E.  «.  Mjahstsa*,  Naaevtaehe 
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Session  WA-4:  MjggTIC  FLUIDS/FERBOHACNETIC  ELASTIC 
SOLIDS 


*  2:00  - 

*  2:30  - 

*  3:00  - 

3:30  - 

*  4:00  - 

*  4:30  - 


i 


5:00  - 

5:15  - 

5:30  - 

5:45  - 

6:00  - 


Organizer  and  Chairperson:  P.D.S.  VEKMA,  Kurukshetra 

University,  India 

Co-Chairperson:  H.M.  CHANG,  The  University  of  Alabama 

in  Huntsville 

2:30  A.  MARTINET ,  University  of  Paris: 

"Ferrofluids" 

3:00  P.  PINCUS,  University  of  California  at  Los  Angeles: 
"Stabilization  of  Magnetic  Colloids" 

3:30  J.  T.  JENKINS,  Cornell  University: 

"Continuum  Theories  for  Magnetic  Fluids" 

4:00  REFRESHMENT  BREAK 

4:30  R.K.T.  HSIEH,  Royal  Institute  of  Technology,  Stockholm, 
Sweden: 

"Continuum  Ferromagnetic  Liquid  Seals  in  Blood  Flow" 

5:00  P.S.  DUBBELDAY,  Naval  Research  Laboratory,  Orlando, 
and  M.S.  FTAK,  Florid*,  Institute  of  Technology: 
"Hydroacoustic  Ferro fluid  Projector  in  Toroidal 
Configuration" 

5:15  M.  SINGH,  Simon  Fraser  University,  Vancouver,  Canada: 
"Mathematical  Theory  of  Nonlinear  Havas  on  the  Surface 
of  a  Magnetic  Fluid" 

5:30  0.  0.  AJAYI,  university  of  Lagos,  Nigeria: 

"The  AsyMetrlc  Fluid  Motions  Induced  by  a  Rotating 
Magnetic  Field" 

5:45  P.D.S.  VERMA  and  O.H.  RANA,  Kurukshetra  University, 
India: 

"Soft  Ferro-magnetic  Microelastic  Solids" 

6:00  H.  M.  CHANG  and  S.  T.  HU,  The  University  of  Alabama 
in  Huntsville: 

"Compressible  MHD  in  Long  Circular  Cylinder" 

6*15  B.  R.  GULATI,  Southern  Connecticut  State  College: 

"Transverse  Heat  Transport  in  Ferrofluld  in  Rotating 
Magnetic  Field" 
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PEJUtO  FLUIDS 


A.  Martinet 

da  Faria  god 

Lafcoratolra  da  Fhpaiqaa  daa  Solidaa 
Batlaaat  51® 

91*05  OKAY  CKDKX,  FKAMCE 


After  giving  an  otanrlaw  of  the  colloids 

rnaannly  referred  to  oa  Ferro fluids,  we  will  dlscues  their 
atructure,  basic  proportion,  and  applications  la  industry, 
nadidna  and  art.  Alan  a  artwatic  presentation  of  real 
enperinawta  will  be  glwan. 


Stabilisation  of  Wagaatln  Calls  Ida 


f.  Platan 

n^artaiaf  of  Phgnlaa 
Msanltf  ad  California 
Lao  hagai aa,  California  9002* 


Continuum  Theories  for  Magnetic  Fluids 


* 

I 

S 

I 


J.  T.  Jenkins 

Department  of  Theoretical  and  Applied  Mechanics 
Cornell  University 
Ithaca,  Mew  fork  14853 


i 

« 


We  outline  continuum  theories  that  have  been  propoaed  for 
magnetic  fluids.  These  materials  are  suspensions  of  single-domain 
ferromagnetic  particles  in  Newtonian  fluida.  The  suspensions  are 
stabilized  by  the  addition  of  a  surfacant  that  coats  the  particles 
and  prevents  their  agglomeration. 

The  continuum  theories  account  for  the  additional  degrees 
of  freedom  associated  with  the  orientation  of  the  particles  in 
an  applied  magnetic  field.  Such  theories  have  been  proposed  In 
order  to  explain  the  variation  of  the  apparent  viscosity  with  the 
orientation  of  the  applied  field  in  simple  flows  [1]  and  to  provide 
a  context  for  the  interpretation  of  existing  experiments  on  ultra¬ 
sonic  propagation  and  attenuation  (2,3]. 

The  theories  differ  In  the  Internal  variables  Introduced  to 
describe  the  additional  degrees  of  freedom.  In  the  characterisation 
of  the  Inertia  and  dissipation  associated  with  the  internal  variables, 
and  In  the  treatment  of  the  electrohydrodynamics.  These  differences 
will  be  highlighted  and  the  theories  evaluated  with  reference  to  the 
experiments . 

(lj  McTague,  J.  P.,  J.  Cham.  Phys.  51;  133  (1969). 

(2]  Chung,  D.  Y..  Isler,  W.  E. ,  J.  Awl.  Phys.  *9 ,  1809  (1978). 

(3]  Isler,  W.  E.,  Chung,  0.  Y.,  J.  Appl.  Phys.  49,  1812  (1978). 
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CONTINUUM  FERROMAGNETIC  LIQUID  SEALS  IN  BLOOD  FLOW. 


R.K.T.  HSIEH 
Department  of  Mechanics 
Royal  Institute  of  Technology 
S-100  44  Stockholm 

Blood  is  a  suspension  of  disorete  cells,  mostly  red  cells  in  a 
Newtonian  liquid,  plasma  which  flows  through  vessels. 

It  has  been  experimentally  determined  that  when  ferromagnetic  fine 
particles  are  introduced  into  such  system  without  an  application  of  the 
magnetic  field  no  considerable  biological  effects  are  reported  i.e. 
ferromagnetic  fine  particles  oould  pass  through  the  capillaries  in  the 
body.  This  paper  Investigates  ferromagnetic  liquid  seals  with  an 
applied  magnetic  field  of  arbitrary  direction  in  blood. 

It  is  found  from  principles  of  continuum  mechanics  that  the 
corresponding  Bernouilli  equation  predicts  the  sealing  capacity  of  the 
hydrostatic  plug.  Such  liquid  seal  can  be  used  for  producing  blood  flow 
stasia  during  surgery  and  has  the  advantage  of  causing  less  arterial 
wall  damage. 
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HYDROACOUSTIC  FERROFLUID  PROJECTOR  IN  TOROIDAL  CONFIGURATION 

Pieter  S.  Dubbelday,  Naval  Research  Laboratory,  Underwater  Sound 
Reference  Detachment,  P.0.  Box  8337,  Orlando,  Florida  328S6 

Mark  S.  Ptak,  Florida  Institute  of  Technology,  P.0.  Box  11S0, 
Melbourne,  Florida  32901 


The  coupling  between  a  magnetic  field  and  fluid  motion  embodied 
in  ferrofluids  make  this  material  a  candidate  for  electroacoustic 
transduction.  A  design  for  an  acoustic  projector  for  underwater 
application  that  specifically  uses  the  fluid  property  has  been 
proposed  before  [lj.  A  description  of  the  construction  of  a 
toroidal  projector  based  on  this  design  is  presented  here,  and 
preliminary  measurements  of  its  acoustic  properties  are  reported. 

The  force  per  unit  volume  on  the  ferrofluid  in  a  toroidal 
configuration  is  proportional  to  H(t)/t,  where  H(t)  is  the  circum¬ 
ferential  magnetic  field,  as  a  function  of  the  distance  r  to  the 
axis  of  the  toroid  (Fig.  lj .  The  top  and  bottom  of  the  toroid  are 
rigid.  The  cylindrical  walls  are  elastic,  the  outer  wall  is  in 
direct  contact  with  the  ambient  medium  and  the  inner  wall  is  in 
contact  with  a  layer  of  air  kept  at  ambient  pressure  for  pressure 
release.  The  dc  bias  field  is  created  by  a  current  through  thin 
plates  arranged  in  a  fan-like  fashion.  The  ac  current  wires  are 
arranged  as  shown  in  the  sketch  of  Fig.  2.  The  dc  bias  field 
drives  the  magnetization  to  saturation  to  ensure  linearity  of 
operation.  The  device  is  especially  suited  for  low  frequencies  in 
the  range  from  about  100  to  500  Hz. 


Mathematical  Theory  of  Nonlinear 
Haves  on  the  Surface  of  a  Magnetic  Fluid 


M.  Singh 

Department  of  Mathematics 
Simon  Fraser  University 
Burnaby,  B.C.,  Canada 


Using  bifurcation  theory  techniques,  we  study  the  stability  of  a 
ferro- fluid  under  a  static  magnetic  field.  In  particular,  we  examine  the 
situation  when  the  half  space  y3  S  0  is  filled  with  a  ferro- fluid,  if  a 
vertically  directed  magnetic  field  of  sufficient  strength  is  passed  through 
this  ferro- fluid,  the  horizontal  surface  will  change.  Analogous  to 
Bernard  cells  in  convection,  both  the  rectangular  and  the  hexagonal  relief 
patterns  are  observed.  Both  structures  are  also  observed  in  the  electrical 
analog  for  a  dielectric  In  the  presence  of  an  electrical  field,  simplifying 
assumptions  have  best)  made  to  allow  for  a  mathematical  solution  to  the 
problem,  we  assume  that  the  ferrO-fluld  is  incompressible ,  magnetically 
linear,  isotropic,  and  free  of  internal  currents.  MS  also  consider  the 
fluid  to  be  static,  of  infinite  depth  and  of  constant  magnetic  permeability. 
After  obtaining  a  trivial  solution ,  the  full  problem  is  mapped  onto  a 
Banach  apace  setting,  through  the  Frichet  derivative,  the  critical 
magnetic  field  strength  (and  associated  wave  length)  at  which  the  no»- 
planar  surface  appears  can  be  found.  With  the  help  of  an  adjoint  function, 
the  existence  of  a  bifurcating  branch  of  solutions,  and  the  onset  of 
instability  of  the  planar  surface  are  demonstrated . 
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THE  ASYMMETRIC  FLUID  MOTIONS  INDUCED  BY 
A  ROTATING  MAGNETIC  FIELD 

0.  0.  AJayi 

Engineering  Analysis  Unit 
University  of  Lsgos 
Yaba,  Legos,  Nigeria 

The  electrohydrodynamlc  and  aagnetohydrodynamlc  effects  on  rigid 
and  deforaable  bodies  have  attraced  the  attention  of  various  authors. 
These  analyses  have  usually  dealt  with  configurations  in  which  there  is 
axial  symmetry,  largely  because  when  there  is  axial  ayMStry  the  use  of 
a  stream  function  is  justifiable  and  its  use  invariably  simplifies  the 
analysis.  In  an  asymmetric  configuration  this  simplifying  factor  is 
lost  altogether  and  solution  of  the  problem  is  not  easy. 

Here  we  consider  such  an  asymmetric  configuration.  We  investigate 
the  effect  of  a  rotating  magnetic  field  on  a  conducting  incompressible 
viscous  drop  immersed  in  a  non-conducting  incompressible  viscous  fluid. 
We  show  that  the  drop  is  deformed  and  an  unsteady  flow  field  is  induced 
both  inside  and  outside  the  drop  by  the  electric  stress  exerted  on  the 
drop  surface.  The  problem  is  formulated  generally  but  for  clarity  we 
discuss  the  extreme  cases  R  «  1,  R  »  1,  where  R  is  the  magnetic 
Reynolds  number.  a 


SOFT  FERRO-MAGNETIC  MICROELASTIC  SOLIDS 

P.D.S.  Verna  and  0.  H.  Rana 
Department  of  Mathematics 
Regional  Engineering  College 
Kurukshetra  University 
Kurukshetra,  India 

Using  the  variational  principle,  the  field  equations  and  the 
boundary  conditions  are  derived  for  soft  ferro-magnetic  microelastic 
solids.  The  constitutive  equations  governing  such  bodies  are  deter¬ 
mined  by  assuming  an  appropriate  form  of  energy  density  function. 
Magnetisation  gradient  is  included.  The  general  theory  so  formulated 
is  then  applied  to  Investigate  the  propagation  of  plane  waves  in  the 
above  type  of  solids.  Four  modes  of  propsgstlon  are  shown  to  exist. 

The  applied  magnetic  field  and  the  magnetisation  produced  spontaneously 
give  rise  to  a  considerable  change  in  the  magnitude  of  Alfven's  velocity. 
Furthermore,  the  analysis  of  coupled  waves  indicates  that  eddies  decay 
with  time. 
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COMPRESSIBLE  tSD  IE  LONG  CIRCULAR  CYLINDER 


k.  M.  Chang  and  S.  T.  Wu 
The  University  of  Alabama  la  Huntsville 
Huntsville.  Alabama 

The  compressible  MHD  In  circular  Infinite  long  cylinder  has  been 
discussed  in  this  paper,  in  stationery  and  Infinite  conductive  cases. 
Neglecting  v2-ter*  in  nonenttas  equation  but  retaining  the  first  order 
v-tern  in  induction  equation,  we  proved  by  the  ttmory  that,  the  radial 
iiagnetic  field  Bp  -  0  always.  As  for  radial  aass  flow  velocity,  vr,  we 
have  proved  that  if  vr  »  0,  the  magnetic  field  should  be  a  force-free 
field;  if  vr  f  0  the  nagaetle  field  east  be  a  constant  pitch  field,  and 
vr  being  determined  by  axial  magnetic  field  Bz. 

In  vr  H  case,  the  constant  pitch  field  with  radial  flow  has 
been  solved.  All  three  components  of  magmatic  field  B  aad  current 
density  j,  thermodynamic  quantities  P,  T,  p  and  radial  velocity  vt  have 
been  obtained.  Tan  curves  of  these  ten  quantities  versus  radius  have 
been  plotted  for  different  parameters. 

It  has  been  found  that  in  most  cases,  the  convective  magnetic 
field  is  being  concentrated  around  its  symmetrical  axis  as  a  magnetic 
flux  tube,  but  its  diameter  increases  with  B  .  In  some  other  cases 
the  concentration  is  being  violated,  no  magnetic  flux  tubes  are  formed. 
The  convective  magnetic  flux  tubes  nay  hews  either  a  cool  core  or  a  hot 
core. 


TRANSVERSE  HEAT  THdNBPOKt  IN  nUNROZD 
nr  ROTATING  MAGNETIC  FIELD 

Bodh  R.  Gulati 
Professor  of  Mhthaantlcs 
Southern  Connecticut  Stmt*  College 
New  Haven,  Connecticut 

It  is  shown  that  transverse  heat  atlsms  in  rotating  magnetic 
field.  Heat  currant  perpendicular  to  both  the  applied  temperature 
gradient  and  angular  velocity  of  magnetic  field  takes  place.  Coefficient 
of  entrainment  of  the  particles  is  found  as  e  fraction  of  the  tamper  at  ure 
and  the  magnitude  of  magnetic  field.  The  estimation  of  the  transverse 
temperature  difference  is  made  end  the  possibility  to  msesurs  tbs  seam 
is  discussed. 


*  2:00  - 

*  2:30  - 

*  3:00  - 

3:30  - 

*  4:00  - 

4:30  - 

4:45  - 
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mkSamics 

Organiser  and  Chairperson:  D.  J.  SHIFTY,  University  of 

Kentucky 

Co-Chairperson:  L.W.  Schaerr,  Iowa  State  University 

2:30  B.  KHATIB-SHAHIDI  and  D.  L.  SIKARSKIE,  Michigan 
State  University: 

"A  Boundary  Element  Approach  to  Finite  Elasticity: 
Neo-Hookean  Model" 

3:00  P .L-F.  LIU  and  S.  K.  KIM,  Cornell  University: 

"Numerical  Solutions  of  Tsunami  Run-Up  Using  the 
Boundary  Integral  Equation  Method" 

3:30  F.  J.  RIZZO,  M.  REZAYAT  and  D.  J.  SHIFPY,  University 
of  Kentucky: 

"A  Boundary  Integral  Equation  Method  for  Heat 
Conduction  in  Moving  Solids" 

4:00  REFRESHMENT  BREAK 

4:30  R.  P.  SHAH  and  Y.  K.  SUM,  State  University  of  Hew  York 
at  Buffalo: 

"Elastic  Plate  Vibrations  by  Boundary  Integral 
Equations -Asymptotic  Formulation" 

4:45  G.D.  MAN0LIS,  State  University  of  New  York  at  Buffalo: 
"Reduced  Dynastic  Green’s  Functions  for  the  Linear 
Elastic  Halfplane” 

5:00  F.  BARADAKI,  0.  R.  EDWARDS  and  H.  D.  KEITH,  University 
of  Klssourl-Rolla : 

"Comparative  Study  of  the  Boundary  Element  Technique 
and  the  Finite  Element  Method  in  Two  Dimensional 
Eigenvalue  Problem" 
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A  Boundary  Element  Approach  to  Finite 
Elasticity :  Nao-Bookean  Modal 

Bljan  Khatib-ahahidl* 

David  L.  Sikarskie** 

Department  of  Metallurgy,  Mechanics  &  Materials  Science 
Michigan  State  Unlverelty 
Seat  Lansing,  Michigan  48824 


In  this  paper  a  two  diaenslonal  finite  elasticity  solution  procedure  is 
formulated  using  a  boundary  elenent  approach.  The  analysis  and  examples  are 
specifically  developed  in  Langrangian  coordinates  and  for  Neo-Hookean  materials 
but  can  be  straightforwardly  generalised  to  other  conaltutlve  behavior.  The 
problem  is  formulated  in  terms  of  stress  functions  ♦(x1,x2),  *(xx,*2)  result¬ 
ing  in  field  equations 

V2  ♦  -  -P»i  (l+ula)  -  P,2  uj  2  -  P  IPtl  (l+Uj  2)  “  y»2  u2  1^  “ 


V2  * 


-P,2  d*»2>2) 


P,1  u2  1  “  P  lp,2  <1+ui  “  F»i  ui  2^  "  F2 


where  u. ,  u2>  P  are  displacements  and  unknown  pressure,  respectively.  For  F. 
and  F2  Known  functions  of  X|,  and  x2  cb*  boundary  element  solution  is  wall 
known,  and  contains  both  contour  ana  surface  integrals.  The  contour  integrals 
Involve  unknown  distributions  adjusted  to  satisfy  the  boundary  conditions. 

For  this  problem  the  surface  integrals  contain  fj,  F^  which  are  functions  of 
the  unknown  displacements  and  pressure.  Thus,  an  iteration  procedure  must  be 
Introduced.  An  initial  assumed  fora  for  Fj,  P2  (from  the  linear  elastic  solu¬ 
tion)  is  substituted  into  the  boundary  element  aquations.  The  unknown  dis¬ 
tributions  can  now  be  found  and  then  used  to  find  a  now  stress  and 
displacement  state  which  updates  F. ,  F. .  This  procedure  continues  until 
convergence  is  established. 


The  examples  are  given,  namely:  the  uniform  extension  of  a  strip  in  plane 
strain  and  the  presaurisatioa  of  a  cylindrical  tube  (Lama1  problem) .  In  the 
uniform  extension  problem  the  exact  solution  has  constant  pressure  mad  thus 
results  in  F2  •  F2  -  0.  There  la  excellent  agreement  between  the  nuawrlcal  and 
exact  solutions  but  the  problem  does  not  provide  s  tost  of  the  Iteration 
procedure.  For  the  Lame*  problem  an  exact  analytical  solution  (in  polar  coor¬ 
dinates)  bee  first  been  developed  for  cooperative  purposes.  Although  e  general 
scheme  for  finding  this  solution  exists  In  Green  end  Zwne,  Theoretical 
Elasticity,"  p.  87,  specific  analytic  results  for  Men -Hooke an  materials  are 
cited  here.  The  numerical  solution  for  this  problem  la  developed  completely 
in  cartesian  coordinates,  hence,  it  is  general  and  it  demonstrates  convergence 
of  the  iterative  scheme,  solutions  for  curved  bounder lee,  end  solutions  for 
multiply  connected  regions. 


*  Graduate  Research  Assistant 

**Frofsseor  and  Chairmen 


NUMERICAL  SOLUTIONS  OF  TSUNAMI  RUN-UP 
USING  THE  BOUMDARX  INTEGRAL  EQUATION  METHOD 

Philip  L-P.  Liu  and  Sung  Kyu  Kin 

School  of  Civil  and  Environmental  Englneeerlng 
Cornell  University 
Ithaca,  NT  14853 


Tsunamis  are  long  waves  generated  by  undersea  earthquakes.  As 
Taunaals  propagated  across  the  ocean  and  approach  coasts,  wave  amplitudes 
grow  significantly  due  to  refraction  and  shoaling  effects.  The  final 
tsunami  run-up  could  cause  not  only  severe  property  damage  but  also  loss 
of  huuan  life.  It  la,  therefore,  laportant  to  develop  an  efficient  nu¬ 
merical  scheme  for  predicting  the  maximum  run-up  location  as  a  part  of 
Tsunaal  warning  systems . 

In  this  paper,  the  boundary  integral  equation  aethod  (BIEM)  is  de¬ 
veloped  as  a  tool  for  studying  two-dlmena local  run-up  problems.  The  flow 
notions  are  described  by  the  potential  flaw  theory.  Nonlinear  free  sur¬ 
face  boundary  conditions  are  Incorporated  in  the  BIEM  foraulatlon  (Liu 
and  Liggett,  1982).  The  Tsunaal  la  modeled  by  either  a  solitary  wave  or 
two  successive  solitary  waves.  For  simplicity ,  the  beach  topography  Is 
assumed  to  have  a  linear  slope  which  Intersects  with  a  constant  water 
depth  region.  For  the  case  of  a  single  solitary  wave,  numerical  experi¬ 
ments  are  carried  out  for  different  eoltteey  wave  height!  and  different 
beach  slopes.  The  accuracy  of  the  present  numerical  scheme  la  verified 
by  comparing  with  available  experimental  data  and  existing  numerical  so¬ 
lutions.  Some  typical  comparisons  are  shown  in  Table  1.  Agreement  is 
considered  to  be  fairly  good  In  view  of  the  fact  that  wave  breaking  could 
actually  occur  In  acme  cases.  The  mar I  mini  run-up  and  run-dawn  are  pre¬ 
sented  as  functions  of  beach  slope  and  the  Incident  wave  height.  The  ef¬ 
fects  of  the  second  solitary  wave  on  the  maxi mum  run-up  are  also  exam¬ 
ined. 

Initial  Have  Height  Slope  Maximum  run-up  R/D 

Hg/D  S  Present  result  Previous  result 


0.A8  1  1.591  1.27 

0.10  0.1  0.A11  0.40 

0.10  0.3  0.318  0.234 


Table  1.  Comparison  between  present  results  and  previous  data 


Reference 

Liu,  P.L-F.  and  J.A.  Liggett,  Applications  of  boundary  element  methods  to 
problems  of  water  waves,  In  Developments  in  Boundary  Element  Methods 
-  2  (ad.  K.I .  Bane rj as  and  R.P.  Shaw)  Elsevier  Science  Publishers, 
England. 
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A  BOUNDARY  INTEGRA!.  EQUATION  METHOD  FOR 
HEAT  CONDUCTION  IN  MOVING  SOLIDS 

F.  J.  Rizzo,  M.  Rezayat,  D.  J.  Shlppy 
University  of  Kentucky 
Lexington,  KY  40506 

The  solid-phase  heat  conduction  problem  applicable  to  flame  spreading 
over  a  pyrolyzlng  fuel.  Including  the  heat  conducted  through  the  solid  for¬ 
ward  of  the  flame.  Is  formulated  for  solution  using  the  Boundary  Integral 
Equation  (BIE)  Method.  A  specific  problem  of  Interest  Is  that  of  a  rectan¬ 
gular  slab  of  fuel  being  consumed  by  a  gas-phase  flame,  on  both  sides  of 
the  slab,  that  spreads  at  a  steady  speed  Into  a  wind  which  opposes  the  flame. 
Surface  temperature  results  are  obtained  using  the  BIE  and  compared  with  some 
published  experimental  measurements.  Upstream  heat  flux  computations  are 
compared  with  an  approximate  solution  based  on  on  asymptotic  expansion.  The 
steps  in  development  of  the  BIE  formulation  and  the  adopted  numerical  ap¬ 
proach  are  outlined.  Because  of  the  presence  of  an  Integrable  singularity 
In  the  surface  heat  flux  at  a  corner  In  the  slab,  an  Ivpnoved  numerical  ap¬ 
proach  which  Involves  the  use  of  singular  shape  functions,  defined  and  de¬ 
rived  here,  is  given  and  the  validity  of  the  Improved  approach  Is  established. 

The  differential  equations  governing  the  title  problem  also  describe  a 
n inter  of  physically  unrelated  but  mathematically  similar  problems,  which  are 
Identified.  One  such  problem  Is  that  of  the  variation  of  drawdown  In  a 
leaky  aquifer.  This  problem  and  perhaps  another  Involving  steady  state 
acoustic  radiation  from  a  sphere  will  be  discussed  as  tine  permits 


Elastic  Plate  Vibrations  by  Boundary 
Integral  Equations  -  Asymptotic  Formulation 


R.P.  Shaw  and  Y.K.  Sun 
Department  of  Civil  Engineering 
SUNY  at  Buffalo 
Buffalo,  NY  14260 


The  development  of  a  two  dimensional  theory  of  elastic  plates 
from  a  general  three  dimensional  theory  of  elastic  solids  depends  on 
the  concept  of  a  small  thickness  to  length  ratio  and  on  the  appropriate 
assumptions  to  be  made  regarding  the  variation  of  the  dependent 
variables  through  the  thickness,  e.g.  (1),  Boundary  Integral 
formulations  perform  this  reduction  from  three  to  two  dimensions 
automatically  and  exactly;  they  contain  an  explicit  representation  of 
the  actual  functional  dependence  of  the  dependent  variables  at 
Interior  points  In  terns  of  their  behavior  on  the  surfaces.  Mhlle 
such  boundary  Integral  formulations  may  be  difficult  to  solve 
analytically,  they  may  be  solved  numerically  or,  as  In  the  present 
case,  be  rewritten  In  terms  of  an  asymptotic  expansion  In  orders  of 
the  thickness  to  length  ratio  which  may  then  be  solved  'order  by 
order'.  This  ratio,  c  ,  appears  In  the  kernels  of  the  Integral 
equation.  The  zeroth  order  solution,  corresponding  to  an  Infinite 
plate.  Is  already  available,  (2).  The  present  discussion  considers 
the  general  asymptotic  expansion  and  In  particular  the  Influence  of 
the  edges.  The  development  Is  based  on  displacement  potentials,  e.g. 
(3),  rather  than  displacements  and  tractions  directly,  e.g.  (4). 
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Fund— antal  singular  solutions  or  Groan's  functloos  for  the 
reduced  (steady-state)  aquations  of  elaatodyn— les  are  of  importance 
since  they  are  key  ingredients  in  a  boundary  integral  equation  (DIE) 
reformulation  of  the  general  problem  of  wove  propagation  and  scattering. 
Engineering  solutions  to  two-diaensiooal  problems  using  Green's  func¬ 
tions  for  the  infinite  plane  have  been  obtained  in  the  pant  Cl, 23. 

However,  problana  involving  the  half plane  are  inherently  sore  interesting 
because  of  applications  to  gaomschan lcs. 

In  this  work,  the  fundamental  singular  solution  far  a  point  force 
inpulse  in  an  infinite  elastic  — dl—  is  used  In  o— junction  with  a  super¬ 
position  scheme  originally  devised  by  Misdlin  [3]  in  order  to  arrive  at 
a  singular  solution  valid  for  the  half plane.  In  particular,  solutions 
for  a  point  force  in  Che  vertical  and  bori cental  directions,  a  dipole 
without  ament  and  a  dipole  with  amaftt  in  the  vertical  directions  at 
the  image  point  are  superimposed  to  the  fundament  el  singular  solution  at 
the  source  point.  The  lsmge  point  is  the  reflection  of  the  source  point 
about  the  horizontal  (free)  surface.  The. resulting  singular  solution 
reproduces  e  nearly  traction-free  hound  ary  c—ditlan  at  die  free  i  face. 

This  new  singular  solution  and  Its  derivatives  are  subsequently  used 
—  kernels  in -a  BIE  formulation  in  the  Laplace  transformed  domain.  The 
particular  nxaaple  solved  is  the  case  of  a  circular  cylindrical  cavity 
rahsdded  clow  to  the  free  surface  of  the  halfplane  under  a  pressure  mave 
pulse  traveling  parallel  to  the  free  surface.  The  dynamic  stress  field 
around  tha  cavity,  obtained  fcaa  the  BlX-metfaed  in  conjunction  with  a 
aamerical  inverse  transformation,  is  fa— d  to  be  in  good  agreement  with 
other  analytic  and  uunerlcal  solutions. 
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In  this  work  we  investigate  the  applicability  of  a  "Boundary 
Element  method"  for  the  numerical  solution  of  the  Llouvllle  and 
Helmholtz  eigenvalue  problem  for  different  two  dimensional  geometries 
including  a  typical  reactor  configuration.  The  method  is  based  on 
the  discretization  of  the  unknown  along  the  boundary  and  Green's 
function  representation  of  the  governing  equation. 

To  compare  the  capability  of  this  method  with  the  finite 
element  method,  a  finite  element  code  which  uaes  quadratic  quad¬ 
rilateral  isoparametric  elements  was  developed.  A  boundary  element 
code  was  also  written.  These  codes  were  used  to  determine  the  funda¬ 
mental  eigenvalue  for  several  two  dimensional  geometries  —  square, 

"L"  shaped,  circular,  and  a  quarter  of  a  typical  reactor  core.  The 
results  of  both  codes  were  compared  with  each  other  and  with  analytical 
solutions  where  available.  To  optimise  the  computer  time  for  the  code 
based  on  the  boundary  element  method,  a  powerful  search  technique 
called  Fibonacci  search  was  used  to  determine  the  fundamental  eigen¬ 
values. 

During  the  course  of  this  study,  it  was  found  that  eliminating 
the  imaginary  part  of  the  fundamental  solution  of  the  Helmholtz  equation 
produced  an  instability  in  the  result.  The  results  show  that,  due  to 
the  use  of  the  iteration  procedure  in  the  boundary  element  method  to 
evaluate  the  determinant  of  the  deduced  matrix,  more  computer  time  is 
required  for  the  boundary  element  solution  than  the  finite  element 
solution.  However,  the  results  obtained  on  the  basis  of  the  boundary 
element  technique  are  more  accurate  than  those  from  the  finite  element 
method. 
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Recent  Studies  on  Finite  Element  Modeling  of  Lungs 
George  C.  Lee 

State  University  of  New  York  at  Buffalo 
203  Fronczak  Hall 
Amherst,  New  York  14260 

Structural  properties  and  characteristics  have  always  been 
regarded  as  important  components  in  respiratory  mechanics  studies. 
However,  very  few  advancements  were  made  prior  to  1970.  In  the 
last  decade  or  so,  solid  mechanics  principles  and  the  finite  element 
method  have  been  Introduced  into  the  study  of  lung  elasticity.  This 
has  opened  up  a  variety  of  challenging  research  opportunities.  This 
presentation  will  attempt  to  define  the  general  problem  area  of 
finite  element  analysis  of  lungs  and  to  describe  some  recent  research 
results  on  the  subject. 

A  recently-published  book  entitled  Finite  Elements  in  Biomechanics 
contains  some  relevant  and  updated  information  on  this  subject  area. 
Those  who  are  interested  may  refer  to  this  book.* 


Finite  Elements  in  Biomechanics,  edited  by 

R.H.  Gallagher,  B.R.  Simon,  P.C.  Johnson,  and  J.F.  Gross, 

John  Wiley  &  Sons,  1982. 

See  Chapter  S,  "Finite  Element  Analyses  in  Soft  Tissue  Mechanics" 
G.C.  Lee  and  N.T.  Tseng 

Chapter  6,  "Deformation  of  the  Lung:  The  Role  of  Interfacial 
Forces" 

D.L.  Vawter  and  W.H.  Shields 

Chapter  7,  "Finite  Element  Analysis  of  the  Lung  Parenchyma" 
A.D.  Karakaplan,  M.P.  Blenlek  and  R.  Skalak 
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NONLINEAR  MECHANICAL  CHARACTERIZATION  OF 
ORTHOTROPIC,  INCOMPRESSIBLE  ARTERIAL  TISSUE 

Ramesh  N.  Vaishnav 
Professor  of  Engineering 
The  Catholic  University  of  America 
Washington,  D.  C.  20064 

The  large  arteries  serve  as  compliant  conduits  to  carry  oxygen-rich 
blood  from  the  heart  to  the  peripheral  regions  of  the  vascular  bed.  The 
mechanical  properties  of  these  arteries  are  important  determinants  of 
ti.e  hemodynamics  of  the  cardiovascular  system  in  health  and  disease.  A 
study  of  these  properties  is  therefore  important  in  developing  realistic 
models  of  the  circulatory  system.  The  tissue  of  the  large  arteries  is 
capable  of  undergoing  rather  large  deformations  and  its  mechanical  be¬ 
havior  is  nonlinear  in  terms  of  the  usual  measures  of  stress  and  strain. 
In  addition,  the  tissue  is  orthotropic,  viscoelastic,  and  essentially 
incompressible  (1) .  Outlined  here  are  our  attests  over  the  past  decade 
to  characterize  realistically  the  nonlinear  elastic  and  viscoelastic 
properties  of  the  arterial  tissue  under  a  physiological  loading  consis¬ 
ting  of  an  intravascular  pressure  and  a  longitudinal  tethering  force. 

The  elastic  (hyperelastic)  characterization  (2)  is  based  on  assuming  that 
there  exists  for  the  arterial  tissue  a  strain  energy  density  function 
which  is  a  function  of  the  circumferential  and  longitudinal  Green-St. 
Venant  strains.  Oh  the  basis  of  inflation-extension  experiments  on 
segments  of  canine  middle  descending  thoracic  aortas  it  is  shown  that  a 
polynomial  of  the  third  degree  in  strains  satisfactorily  represents  the 
elastic  stress-strain  response  of  the  tissue.  Similarly,  it  is  shown 
(3)  that  the  nonlinear  viscoelastic  response  of  the  tissue  can  be 
characterized  in  terms  of  ten  relaxation  functions.  Finally,  a  thermo- 
mechanical  formulation  (4)  is  presented  to  stow  how  one  can  start 
with  a  general  theory  of  continuum  thermomechanics  and  systematically 
reduce  it  to  a  form  applicable  toward  thermomechanical  character i zat ion 
of  an  incompressible,  orthotropic  vascular  tissue- 


(1)  Patel,  D.  J.  and  R.  N.  Vaishnav.  1980.  Basic  Hemodynamics  and  Its 
Role  in  Disease  Processes.  University  Park  Press,  Baltimore,  MD,  504  p. 

(2)  Vaishnav,  R.  N. ,  J.  T.  Young,  J.  S.  Jaiticki,  and  D.  J.  Patel.  1972. 
Nonlinear  anisotropic  elastic  properties  A  the  canine  aorta. 
Biophysical  Journal,  12:  1008-1027. 

(3)  Vaishnav,  R.  N. ,  J.  T.  Young  and  D.  J.  Patel.  1978.  Nonlinear  visco¬ 
elasticity  of  large  blood  vessels.  Ch.  16  in  Baan,  J.,  A.  Noordergraaf 
and  J.  Rainas  (ads.).  Cardiovascular  System  Dynamics.  The  MIT  Press, 
Cambridge,  Massachusetts,  pp.  140-lfeS. 

(4)  Vaishnav,  R.  N.  and  M.  E.  Ahmad.  1982.  Mathematical  character!  tat  ion 
of  the  I'onllneer  thermorheological  behavior  of  the  vascular  tissue. 

To  appear  in  Biorheology. 
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CCMTIMim  MODELS  OF  THE 


John  0.  Pinto 

Depart  amt  of  Mechanical  Engine*  ring 
San  Dingo  Stat*  University ,  San  Dlago,  California  92182 

A  priaary  anti  vat  Ion  for  research  in  cardiac  mechanics  la  the  deair*  to 
fora  reliable  aatlaataa  of  the  cardiac  function.  Heart  la  an  organ 
poaaaaaing  complicated  geometry,  wall  architecture  and  non -simple  via co- 
elastic  Material  constitution.  Daring  a  normal  boat,  the  also  and  shape 
of  tha  heart  istdergo  large  finite  changes.  Thus  for  an  accurate  analy¬ 
sis  of  the  stress  distribution  in  the  ayocardius,  it  Is  necessary  to 
include  th*  finite  defornetiou  of  the  ball,  its  three -dlnenslonal  peo¬ 
ns  try,  the  coaplex  vall-ar chitsctur* ,  th*  nomnifora  contractile  pattern 
of  its  musculature  and  th*  interaction  between  its  four  flush  ere. 


A  sechanical  analysis  of  the  heart  ineluding  ell  the  aejor  features  aan- 
tiooed  above  la  not  feasible  at  the  pageant  tine  bacaoaa  an  oidarst ana¬ 
log  of  (all)  tha  naceoaary  upacti  la  not  adequate.  Bowevar,  meant 
cschnologlcal  advances  hams  facilitated  nsaenreusnt  of  ite  tin* -changing 
size  and  shape.  The  well-s tractate  1  aspects  am  also  mlatlvely  well 
known.  On  the  "constitutive  front"  tha  caaplexltlea  aasoeistad  with  tha 
organ  have  precluded  tha  davmlapaant  of  a  rsssossbla  las  fee  tha  and*. 
Consequently,  mesa  rebars  have  primarily  focused  their  attention  to  an 
tMiHtlilly  rm>  ill —ml  rial  of  auiclt* 


Based  on  experimental  m suits  wn  propose  the  following  models  to 
characterise  tha  cardiac  Sada)s. 
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6.M.  Christie 

Department  of  Theoretical  Mid  Applied  Wechanlc* 
School  of  Engineering 
University  of  teehland 
*M  attend 


Porcino  aortic  valves,  preaervod  to  glutaraldshyda  and  hwotod 
on  e  sopaerttng  frees  ere  vsey  utuntj  used  os  NMItma  can- 
disc  Valves.  Seek  devices  offer  superior  quality  of  Iff*  to 
the  patient  conparod  with  the  surety  prosthetic  disc  end  holt 
valve*;  however,  they  still  anhftrtt  eweertefn  dwvhlltty. 
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Studies  on  an  Optical  tedelllng  Techntqu*  for  Predicting  Flaw  Shapes  and 
Stress  intensity  Distributions  In  Cracked  todies 
by 

-  C.  hi  Setth  and  J.  s.  Epstein 
Department  of  Engineering  Science  and  fechanlcs 
Virginia  Polytechnic  Institute  and  State  University 
Blacksburg,  Virginia  248*1 

The  mst  common  type  of  service  fracture  results  from  the  enlarge¬ 
ment  of  small  cracks  by  fatigue  loading  to  critical  site  after  which 
fracture  occurs.  Such  problems  often  Involve  curved  crack  fronts,  non¬ 
uni  fora  stress  intensity  distributions  and  non. planar  cracks.  Nsreover, 
since  such  cracks  usual Ty  start  at  stress  raisers,  complex  boundary  con¬ 
ditions  away  from  crack  surfaces  are  also  often  Involved. 

For  over  a  decade1,  the  first  author  and  Ms  associates  heve  been 
uorklng  to  develop  a  test  effective  modal  ling  technique  far  estimating 
flaw  shapes  and  SIF  distributions  uhsre  neither  ere  known  e-prlerl  In 
order  to  assist  efforts  of  analysts  in  tormufatlng  numerical  models  for 
such  problems.  First  developed  fey  combining  frown  stress  photoelas¬ 
ticity  with  linear  alastlc  fracture  mechanics  for  puro  N»de  I  loads 
[1}.[2],  it  wss  thon  antandsd  to  mined  mato  analysts  [33. [43  and  recently 
augmented  [53  with  totr4  Interferometry  to  provide  added  enpertoemtol 
information.  <?• 

After  briefly  revtewlmf  the  cerrent  amprsach  ta  Me  problem,  tlrts 
paper  attempts  to  assess  the  aatont  of  appttwftiuty  and  1  imltatluM  of 
these  optical  methods  when  utilized  to  attack  three  dimensional  cracked 
body  problems  of  Nigh  priority  technological  Importance.  Examples  are 
drawn  from  aerospace  and  nuclear  pgupr  fields. 


[13  toith,  ft.  ft.  and  toUh,  C.  0.  .^fepfceteelastic  Evaluation  of  the 
influence  ef  ttmwrm  fend  gther  Eftoets  gain  'the  teal  Banding 
stresses  In  Crached  natns*.  hit,  #.  of  fracture  IpchanKs.  tol.  «, 
NO.  3.  pp.  305-318.  topt.  1070. 
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"BOUXDARY  IITIECML  BQUATTOHS  FDR  A 
THXBE-DIMBISIOmt  CRACK" 


I.  A.  Kuala  and  J.  Shlyapobsraky 
Mechanical  Engineering  Department 
University  of  Houatoe 
Houston,  TX  77004 


Boundary  Integral  equations  for  arbitrary  shaped  nonplanar 
cracks  In  a  three  dlaaoa lonal  linear  anisotropic  nadlun  are 
Obtained.  The  method  of  ragplarisation  of  the  corresponding 
singular  Integral  operators  (pseudo  differential  operators)  is 
based  on  a  new  technique  developed  In  [l] .  These  aquations 
are  convenient  for  nnantlrel  as  nail,  as  apprtndnata  analytical 
solutions.  Expressions  for  stress  intensity  factors  are 
lnvastlgatad. 


A  comparison  with  other  approaches  to  the  problem  [2-6] 
la  given. 

1.  1.  A.  Bunin,  Theorvof  aWflg  ttft*  TfW  Sffl3CBB£BB&- 

Jlprlngsr  Vatlag,  14U. 

Z.  M.  K.  Kasetr,  C.  C.  Bib,  Three  Bfrann  etnas)  (heck  JHobla— . 
Noordhoff,  1975. 

3.  V.  V.  Panasyuh,  A.  K.  Arndt  ajlrlr,  M.  X.  Stadnik,  Bag. 

Pract.  Mach.  IjL.  2*5,  MU 

4.  H.  0.  Bui,  J.  Xhdh.  Fhya.  Solids,  25,.  29,  1977. 

5.  J.  Hearer.  Ittt,  J,  SOUds.  ^?mcrt,<.  1977 . 

6.  J.  Shlyspobetoby,  J.  AppJL  M.  McST -  Mi;  44,  532*  197*. 


ABSTRACT 


THERMAL  ACTIVATION  IS  SUBCRITICAL  CRACK  GROWTH 


A.  S.  Krausz  and  K.  Krausz 

Department  of  Mechanical  Engineering, 
University  of  Ottawa, 

Ottawa,  Ontario,  KIN  6N5 
Canada. 


Time  dependent,  aubcritical,  fracture  processes  are  thermally 
activated.  The  fundamental  mechanism  is  controlled  by  stochastic  bond 
breaking  events  leading  to  a  rigorous  mathematical  description  in  tens 
of  statistical  mechanics  concepts.  The  relation  between  the  rigorous 
transition  state  theory  and  the  empirical  Arrhenius  equation  will  be 
discussed. 

The  kinetics  of  time  dependent  crack  propagation  processes  and 
its  application  to  environmentally  assisted  fracture  was  determined.  It 
was  also  established  that,  because  thermally  activated  mechanisms  are 
stochastic,  a  probabilistic  aspect  is  always  associated  with  environmen¬ 
tal  effects.  The  consequent  reliability  analysis  in  design  and  test 
engineering  will  be  presented. 

Following  the  developments  that  took  place  in  the  70'a  in  the 
application  of  the  Griffith  theory  to  time  dependent  fracture,  the 
process  of  subcritical,  thermally  activated,  crack  propagation  was  inves¬ 
tigated.  The  transition  from  the  go  -  no  go  continuum  mechanics  conside¬ 
ration  of  the  Griffith  theory  was  revised  by  considering  thSTftiscrete 
atomic  character  of  the  materials.  This  has  led  to  the  dfcecriptioo  of 
slow  crack  propagation  in  terms  of  atomic  interaction,  crack  driving 
force,  and  temperature . 

B.  R.  Lawn  and  T.  R.  W1 lshaw.  "Fracture  of  brittle  solids"  Cambridge 
University  Press,  Cambridge  (1975). 

A.  S.  Krausz  and  K.  Krauas,  "The  inherently  probabiliatic  character  of 
sub-critical  fracture  processes"  Proc.  of  tbe  Design  Kngineering  Tecbn 
Conf.  of  the  American  Society  for  Mechanical  Engineers,  Hartford, 

Conn.  pp.  23-28  (1981). 

A.  S.  Krause,  "The  theory  of  thermally  activated  processes  in  brittle 
stress  corrosion  cracking"  JournU  of  Kngineering  Fracture  Mechanics, 
Vol.  II,  pp.  33-42  (1979) ... 
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Wave- Induced  Fracture  in  Pre-Cracked  Thick -Mai led  Cylinders 


A.  Shukla 

University  of  Rhode  Island 
Kingston,  R.I.  02881 
and 

H.  P.  Rosseenith 

Technical  University  Vienna,  Austria 


Abstract 

- Slow  stable  crack  extension  as  wall  as  dynurtc  crack  propagation  in 

pre-cracked  cylindrical  vassals  subjected  to  shack  loading  has  received 
considerable  attention  in  recent  years  because  of  its  tapartanca  in 
several  branches  of  applied  engineering  []}.  This  paper  ettWfts  to  a*- 
perlnen tally  study  crack  Initiation  and  propagation  fa  thick  rings  fabri¬ 
cated  fraa  e  polyester  eeterial  HoealiU  100,  ftynawic  photeelssticity 
and  high  speed  photography  ere  utilized  to  obtain  coeplett  transient  stress 
field  during  crack  wave  interaction  process.  A  typical  photograph  shew¬ 
ing  the  interaction  at  a  particular  that  is  giutn  in  Fig.  1  The  data 
from  such  photographs  Is  analyzed  to  obtain  crock  propagation  behavior 
and  the  oscillation  in  the  stress  intensity  factors  during  the  Interaction 
process. 

t!ffBR3Br.'CJL.  tiMea.  P.C.  and  Kanninen,  *,f., 
gat Ion  in  Precracked  Cylindrical  Vessels  Subjected  to 
of  Pressure  Vessel  Technology,  May  1981,  Vel.  103,  pp. 
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Cynawic  iaechr— tic  Fringes  Showing  Creek-Wave  Interaction  in  a 
Thick  Ml  Tad  Cylinder. 


Fig,  1: 


Mew  Method  of  Analysing  Vibration  of  a  Rectangular 
Plate  With  a  Crack  Parallel  to  One  Edge 

Roman  Solecki 

Department  of  Mechanical  Engineering 
University  of  Connecticut 
Storrs,  CT  06*68 

Scarcity  of  solutions  for  vibrating , cracked  finite  plates 
results  mainly  from  lack  of  sufficiently  general  methods. 

It  was  shown  in  [l]  that  the  case  of  doubly  symmetric  lo¬ 
cation  of  a  crack  can  be  reduced  to  the  solution  of  a  sys¬ 
tem  of  dual  series.  A  more  general.,  configuration  was  inves¬ 
tigated  in  [2]  but  the  singularities  at  crack  tips  were  dis¬ 
regarded.  Lately  the  method  based  on  representing  a  crack  as 
continuous  distribution  of  dislocations  was  shown  to  be  quite 
general  and  efficient. However  for  finite  plates  the  mechanical 
state  due  to  the  presence  of  a  point  dislocation  is  unknown 
and  hence  direct  reduction  of  such  problems  to  a  system  Of 
singular  integral  aquations  is  sofar  not  possible.  The  method 
proposed  in  [2]  is  perfected  here. Its  main  features  are: a) app¬ 
lication  of  double  finite  Fourier  transformation  to  a  diffe¬ 
rential  equation  defining  a  discontinuous  function. This  step 
is  simplified  by  application  of  generalised  Green-Gauss  theo¬ 
rem. Transformed  equation  obtained  in  this  way  depends  on  the 
unknown  discontinuities  across  the  creek  and  on  the  intensi¬ 
ties  of  singularities  at  its  tips jb) next  the  boundary  condi¬ 
tions  are  applied. This  step  requires  differentiation  of  not 
uniformly  convergent  double  series. Extensive  algebraic  ma¬ 
nipulations  involved  bars  are  presently  considerably  simpli¬ 
fied  by  a  repeated  application  of  Green-Gauss  theorem. A  coup¬ 
led  system  of  infinite, homogeneous  algebraic  equations  is 
thus  obtained. The  characteristic  dstexminant  of  this  system 
is  equated  to  xoro  providing  the  frequency  equation. Numerical 
data  are  obtained  and  compared  for  the  special  case  with 
results  presented  in  £21  . 

Sclfisssssi 

111  B . Stahl ,L .K.Keer .vibration  and  stability  of  cracked 
rectangular  plates. Int.J. Sol. Str. 1972, §,1,69-92. 

[2I  R.  Sblecki .  Isotropic  finits  plates  with  cracks. Proo. 

12th  Annual  Meeting  Soc.of  fr»gog  Sci.,p. 3 73-160, 

The  Oniv. of  Texas  at  Austin (1775) . 
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M.  S.  Troitsky,  Z.A.  Zielinski,  and  M.S.  Plaprikar  . 

Depertuent  of  Civil  Engineering 
Concordia  University 
Montreal,  Qwke 

A  roc  tabular  opening  provided  near  the  base  of  the 
stacks,  Tig.  1,  facilitates  access  to  high  teaperstur*  fine 
gases.  Sane  reference  neterlAl  gives  certain  design  inforne- 
tlon  concerning  the  stress  condition  at  circular  opening. 
However,  the  stress  distribntlon  in  the  vicinity  of  rectangu¬ 
lar  jolnta  under  internal  fine  gas  pressure  is  not  nail  known 
and  bee  ana  the  subject  of  this  study,  the  range  of  internal 
pressure  fur  the  present  study  wee  considered  according  to 
gaf. (1,2.3).  Stresses  are  coaputsd  using  finite  it  Stent  pro- 
gran  AMTS.  A  triangular  isoparenstrlc  elastic  fist  shell 
el  asset  having  six  fegwoS'  of  frusdon  per  node;  three  ortho¬ 
gonal  translations  and  three  rotations  one  tin  ten.  The  resells 
provide  the  deflections  and  iiptaae  asaUnas  end  hurting 
stresses  at  Joints.  Although  the  wethers  intersecting  eggs* 
af  the  opening'  sustain  sigalfTtantly  high  setups  of  eugrsm 
end  bending  stresses,  not  nuaseeeriiy  ths  hfgheat  values  ere 
present  at  thane  points,  however,  thsit  sMsltsaMns  praetor 
end  cooper able  lot see I ties  nehe  those  region*  e  critical 
location  of  ottoee  concentration,  the  high  banding  stresses 
(sheen  in  Mg.  1)  aru  localised  at  poiat  ***'  bat  at  point  1* 
large  heap  stresses  occur  as  e  result  of  the  rsnoved  ester  la 1. 
Critical  stresses  at  s  givsn  point  have  to  be  dstsmttnd  by 
supsrinpnsl  wg  stress  as  das  to  dm  govsralng  lood  r.uglattion 
Including  own  waigbt  and  wind.  fTl 
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TEARING  Or  A  HALF  FLAME 


J.F.  DEMPSEY 

Departnsnt  of  Civil  and  Bnviroonental  Engineering 
Clarkson  Collaga  of  Technology,  rotate,  NT  13C7C 

The  surface  of  an  alastic  half  apnea  ia  subjected  to 
toten  aatiplana  aaohaaieal  disturbances.  Both  praacribad 
■hoar  tractions  or  praacribad  diaplaoaaaat  distributions 
safficiaat  to  causa  wearing  aza  treated,  tba  prefaxrad 
direct ioa  of  crack  propagation  is  Investigated)  instantaneous 
skew  crack  propagation  is  considered,  as  well  as 
Instantaneous  orate  bifurcation.  The  analysis  ia,  of  course, 
directly  applicable  to  gaosntriss  with  weak  planes,  aa  ia 
strike-slip  faulting. 

Par  sonstate  crate- tip  velocities  the  particle  velocity 
is  self-stellar,  a  feature  that  allows  tin  use  of  Chaplygin's 
vransflsanstlon  -  white  rsdooaa  ante  prohlan  to  tha  solution 
of  L  apises' a  equation  in  a  strip.  Tha  ishssrta-christoffsl 
transfematian  is  sahssqutetly  lagieyi  I  to  nap  tha  sanl- 
infinita  strip  os  a  half  ' pt  itea .  Tba  appropriate  hatbbnlc 
feast  ioa  ia  tba  half  plane  is  ahtalead  by  using  tin  theory 
nf  f motions  of  sables  variables.  Tbs  question  of  ocnplste- 
ssss  is  lagsrtmi  sinos  tbs  haumsnie  fmetion  nay  satisfy  tbs 
boundary  ssnditians  but  nay  not  give  tbs  oorrect  orate  tip 
singnlarity*  Pas  eastern  veiuss  of  orate  gmg  sgsttm  velooity 


POSITION  ANNIHILATION  -  A  TOOL  FOB  STUDYING  DBFBCTS  IS  METALS 
H.  P.  Ui|U7i  Jr. 

Diftrtant  of  Metallurgical  sod  Nuclear  Engineering 
University  of  Mlsaour 1-Boll* 

Boll*.  Missouri  65*01 


Whan  a  positron,  tha  poaitlvaly  charged  analog  of  an  electron. 
Interacts  with  an  electron,  an  annihilation  occur*.  This  produces  two 
ganaa  ray*.  Ideally,  each  has  an  energy  of  511  k*V,  and  they  are  enitted 
at  pi  radians  team  each  other.  However,  If  the  process  occurs  in  a 
conducting  solid,  l.a. ,  a  netal  or  an  alloy,  either  the  positron  will 
annihilate  with  a  valance  electron  of  saw*  stow,  which  Is  loosely  bound 
to  the  crystal  lattice  and  has  a  relative  low  energy,  or  it  will  anni¬ 
hilate  with  a  core  electron,  which  is  nor*  strongly  hound  to  the  atom 
nucleus  and  has  a  relatively  higher  energy.  The  energy  of  the  enitted 
gaama  rays  and  the  angle  they  sake  with  one  another  are  dependent  upon 
tha  energy  end  the  nowentua  of  tha  annihilating  positron-electron  pair. 

The  vacancies  In  the  netal  crystal  provide  lattice  sites  in 
which  the  positron  nay  act  aa  a  substitute  for  the  missing  positively 
charged  natal  Ion.  As  a  result,  the  positron  1*  trapped.  Other  typae 
of  defects,  such  as  grain  boundaries,  dislocations,  and  voids,  act  as 
traps  aa  well.  In  the  traps,  that*  la  a  daflciancy  of  valance  electron* , 
oven  though  distance  between  the  positron  and  Merest  core  electron  1* 
large.  Khan  annihilation  does  occur  between  the  trapped  positron  and 
valence  electrons,  the  distribution  of  energy  of  the  emitted  gamne  rays 
is  different  than  the  distribution  of  the  gaane  ray*  energy  resulting 
froa  the  positron-electros  events  in  a  perfect  region  of  the  crystal. 

There  are  three  avparlnenril  techniques  that  can  he  used  to 
measure  the  annihilation  effect  of  gaena  rays.  Angel ar  correlation  la 
used  to  weeaure  tha  angle  hetuaee  the  annihilating  gonna  rays.  The 
defects  narrow  tha  angle  betas  aa  the  rays.  In  lifetime  measurements, 
the  tin*  between  tha  amUalen  of  a  positron  by  a  radioactive  isotope 
and  its  annihilation  is  neaaured  for  naay  events,  Froa  these  measure¬ 
ments,  a  lifetime  can  he  determined.  The  presence  of  traps  Increases 
the  lifetime  of  the  positron  in  a  metal  *o  that  more  then  one  lifetime 
can  bn  determined.  In  Bopplar  broadening  measurements,  tha  energy  of  the 
gamma  rays  depends  on  the  relative  nanliar  of  annihilation  event*  that 
taka  place  In  perfect  regleea  of  tha  crystal  coopered  with  the  number  of 
sweat*  occurring  between  trapped  positrons  and  valence  electrons.  Any 
tnareeoa  la  tha  a i whir  of  traps  decreases  the  probability  of  cropping 
the  paeltram  before  it  eee  annihilate.. 

Tha  three  aspartame tal  netted*  nay  be  need  to  determine  the  presence 
of  defects  In  a  netal  or  an  alloy.  A  water  of  esperlnants  have  been 
performed  from  which  tha  energy  of  formation  for  vacaeeie*  In  various 
pace  me  tala  tec  been  obtained.  The  preeieri  of  vacancies  and  ttelr 
Mniaflag  eteccctaclatlc*  he*  teen  Ictsmlnad  In  metals  that  have  been 
severely  qnmasted.  Feld  Uneaten  team  bean  dalarmtehi  ia  netsls  that 
ham  team  Mbjaetad  to  Interne#  radiation  dMagja  bp  bite  energy  neutrons. 
Tha  neWar  of  dislocations  resulting  from  cold  aorVlag  tea  teas  datar- 
mfasd  an  a  fenctloa  of  the  —mat  of  sold  working.  Bacas tly,  attempts 
tea*  MW  ante  te  determine  the  awfear  of  defects  gaeatated  by  fetlgne 
w  a  teal  Me  predicting  MM»  bang  before  as  on#  fatlgaa  cyelea  have 
tehee  plate. 


A  RELIABILITY  MODEL  FOR  A 
NO*  LINEAR  DAMAGE  PROCESS 


Anwar  Kfeailt  Shaikh  * 

Honfr  Ah sad  * 

Unioartrity  of  frtrolaum  4  Mmralt 
Dhaknm,  Saudi  Arabia 


SrrerhL  types  at  hn»  processes  lead  to  the  failure  of  mechanical 
daarieawi  Scam  mtmplma  of  thane-  isasge  processes  aroc  wear,  fatigue, 
creep  and  corrosion.  Xh  this.  paper-  ve  consider  a  generalised  danage  pro¬ 
cess  defined-  by  the  raodsm  function  Bit); 


Bit)  -*11? 


hv  »  «jd  T  us 
Bit)  *•  daman  i 


a*:  tiaa  t. 


ir  the  Ufh  of  the  device  is  taradnatad.  wfaaa  the  Isaagi  exceeds  a 
Uadtlag  satan  %  (!-•.»  Bit)  *  Dfc),  than,  it  till  ha-  shorn  that,  umder 
certain  aasuaytiom  regarding  random  variables  *.  sad  B»  the  following 
reliability  arid  of  the  drriee  la  7— mm 


«*>;»  fatted] 

f  ♦<*)  »  ^r£-4i«*]  «€  , 

Cl,  a*.  ft*  are  the  functions  of  0g  aad  the  naan  ad 
■  variables  A  aad  k> 


of  the 


Bt  this 


statistical  charaetari sties  of  the  reliability 
(2)  are  ddaeuaaad.  Tbs  generalised  nature  of 


tioa  of  the 


fnsetiooe)  of  the 


in  she 
in  Urn 


W* 


Abstract  submitted  to  the  19th  Annual  Meeting  of  SES,  Oct.  1982 


MODELLING  DEFORMATIONS  AND  THERMODYNAMICS 
OF  CRACK  KINETICS  FOR  A  BRITTLE  MATERIAL* 

R.  B.  Stout,  Earth  Sciences  Division 
Lawrence  Livermore  National  Laboratory 
P.  0.  Box  BOB,  Livermore,  California  94550 


A  physical,  rather  than  a  mathematical,  description  of  a  crack  is 
modelled.  The  approach  uses  concepts  from  dislocation  and  microcrack 
models  to  define  idealized  attributes  describing  the  tip  region  of  a 
crack.  The  attributes  characterize  both  geometry  and  deformation;  and 
identify  a  material  defect  species  called  a  crack  dislocation.  with  the 
attributes  as  variables,  and  using  some  statistical  mechanics  concepts, 
a  scalar  density  function  for  each  crack  dislocation  species  can  be  de¬ 
fined. 

The  crack  dislocation  is  different  from  the  common  edge  or  screw 
species  in  that  it  creates  a  new  surface  area  as  well  as  a  displacement 
discontinuity  as  it  propagates  through  a  crystalline  lattice.  ,  To  model 
the  discontinuities,  a  relative  deformation  functional  is  developed 
which  depends  on  the  crack  dislocation  density  function.  The  crack  dis¬ 
locations  are  assumed  to  be  the  only  material  defects  that  can  contri¬ 
bute  deformation  discontinuities;  therefore,  the  model  is  only  for 
brittle  materials. 

The  thermodynamic  model  uses  primarily  the  methodology  established 
by  Gibbs,  the  existence  of  an  internal  energy  functional  is  assuaed. 
The  methodology  results  in  a  definition  for  a  thermodynamic  potential 
for  crack  dislocation  kinetics,  a  generalization  of  the  Griffith  crack 
propagation  concept,  and  a  local  measure  for  the  surface  strain  energy 
density  changes  on  the  crack  dislocation  line.  The  equilibrium  thermo¬ 
dynamic  potential  for  crack  dislocation  kinetics  introduces  a  thermo¬ 
dynamic  concept  to  demarcate  crack  dislocation  density  transitions  from 
stationary  to  non-stationery;  hence,  it  provides  a  fracture  criterion 
that  has  a  thermodynamic  basis.  For  nonequilibrium  thermodynamics,  the 
Onsager  formalism  is  used  to  model  the  rates  and  fluxes  of  the  thermo¬ 
dynamic  functions. 


•ifcrk  performed  under  the  auspices  of  the  U.S.  Department  of  Energy  by 
the  Lawrence  Livermore  National  Laboratory  under  contract  mater 
V-7405-ENG-4B. 
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ION  IMPLANTATION  OF  STEEL  POX  ENHANCED  WEAK  RESISTANCE  I 

Dr.  R.A.  Kohser  J 

Associate  Professor  of  Metallurgical  Engineering  I 

University  of  lfissourl  Rolla 
Rolls,  Missouri  65401 
Dr.  E.X.  Hals 

Associate  Professor  of  Physics 
University  of  Missouri 'Rolls 
Rolls ,  Missouri  65401 

Ion  laplantatlon  Is  a-  surface  modification  technique  in  which  a  target 
material  is  bombarded  by  a  bean  of  high  energy,  accelerated  Ions.  These 
ions  strike  the  surface  of  the  target ,  become  embedded,  and  can  produce 
major  modifications  in  smrface  properties.  Significant  dsemlopmsnt  of 
chm  process  occurred  in  the  mld-to-lata  1960's  and  early  1970’ a ,  with  most 
applications  relating  to  the  semiconductor  industry.  Studies  cuncmrnlng 
the  potential  modification  of  engineering  metals  did  mot  begin:  isttdl  the 
early  1970's  but  have  continued-  to  produce  encouraging  results.  Tbs  pro¬ 
cess  possesses  a  number  of  aetrmetims  features  and  same  ldwmtwy  results 
are  nothing  short  of  phneawil.  Current  limltatlanm  bets  largely  on  the 
high  capital  i  i|id pneni  cast  end  lack  of  an  eetabll  shul  scientific  data  base. 

Focusing  attention  to>  possible  lepiu  »«im»  In  wear  reel  stance,  it  urns 

ported.  Rimwmt,  nearly  sell  of  this,  date  man  obtained,  fne  lebbrsinry 
testing  under  sxttuely  light  loading  (lame  then  2000  pn&>.  Investigation 
at  the  Qdvmtty  of  MUeenrt-MUln  ssi»h»  to  further  cnamtdeg  mens  In- 
pmvmmeaim,  bat  with  u valuation  being  eendmeted  at  modi  norm  realistic 
loads  and  prmi—s .  OVarr  thm  pent  two  ymmrm,  sfforto  hisvm  maulted  in: 


nitrogen,  inputs*  (So ft  1) 

4.  Bhtustlt  of  m  det  race  effect  for  Ugh  dne  WpHafa. 

5.  Caned  dtrmsli  of  altarnoto  1  split  species,  and 

6.  Cooes  rt  for  thermal  history  of  the  inert  si  prior  to,  dorian,  serf 
subsegment  to  Implant. 


OH  THE  MECHANICAL  PROPERTIES  OF 
r'  -  HARDENED  N1-10X  CO  ALLOT 

M.  A.  Abdou  and  G.  M.  All 
Mechanical  Engineering  Department 
Faculty  of  Engineering 
Al-Azhar  University 
Cairo,  Egypt 

The  variation  of  the  mechanical  properties  as  a  function 
of  ageing  at  873  K-  073  K  for  R1-10X  Co  alloy  precipitation 
strengthened  by  -phase  was  Investigated.  Constant  stress 
creep  teats  have  been  carried  out  over  a  range  of  strasaaa  at 
1073  K.  The  dependence  of  the  true  creep  strain,  over  almost 
the  entire  craep  curve,  can  be  described  by: 

e  “  eo  +  ct<l-e“*t)  +  e^t  +  ete^(t-tt> 

where  e  la  the  Instantaneous  strain  on  loading,  c  the 
transient  creep  strain,  m  la  a  constant,  e  the  atfiady  creep 
rate,  e  and  p  are  tertiary  creep  parameters  and  t  Is  the 
time  to1 the  onset  of  tertiary  creep.  The  dependence  of  the 
steady  creep  rate,  c  ,  on  applied  atreea,  o,  can  be  described 
accurately  as: 

*.  '  4  <«  - 

The  exponent  p  -  4,  o  is  the  beck  stress  and  A  Is  a 
material  dependant  constant.  Previous  methods  of  Identifying 
o  for  a  particular  system  have  Involved  creep  testing  and 
electron  metallography.  The  work  described  la  this  paper 
proposes  that  o_  can  be  measured  at  only  a  single  atreea. 
Consequently,  the  variation  of  the  back  stress  as  a  function 
of  the  applied  stress  can  veil  be  predicted  by  the  relation: 


where  n  la  the  observed  stress  exponent  of  steady  state  creep. 

The  applicability  of  this  relation  has,  also,  been 
extended  to  llmonlc  90,  e  commercially  developed  alloy, 
creep  tested  over  a  wide  teperatne  range.  The  practical 
galas  of  the  present  method  arise  from  minimising  the  amount 
of  testing  required  for  dm  evaluation  of  a  men  engineering 
notarial  and  In  simplifying  the  teak  of  Identifying  the 
operative  creep  mechanism. 


«*«*«*  am*  Mi/*# 


A  NUMERICAL  AM)  EXPERIMENTAL  STUDY  OF  DUCTILE 
FAILURE  IN  METALS* 


S.E.  Benzley 

Depart— nt  of  Civil  Engineering 
Brlgh—  Young  University 
Provo.  Utah  84602 


T.G.  Prlddy 
M.S.  $oo  Hoo 

Sandla  National  Laboratories** 
Albuquerque,  N.M.  87185 


A8STRACT 

A  coafclned  experl— ntal/nu—rl cal  analysis  has  been  perfor— d  on 
the  nonllmar  response  and  ductile  failure  of  berylllua,  7075-T651  aluwlnuw, 
A5338  steel  and  304  stainless  steel.  The  different  sped— n  shapes  which 
—re  tested  and  analyzed  produced:  (1)  pure  shear,  (2)  uniaxial, 

(3)  biaxial,  and  (4)  trlaxlal  states  of  stress  In  an  axlsyw— trie  geo— try. 
Experl— nts  perfor— d  on  these  sped— ns  —re  subsequently  analyzed  with 
large  strain  finite  die— nt  calculations.  The  calculations  closely 
—deled  experl— Intel  behavior.  The  calculated  stresses  and  strains  —  re 
then  used  to  study  ductile  — ltlaxlal  failure  criteria  for  — notonic 
loading  configurations.  This  study  concludes  that  the  strain  at  tdilch 
the  — tals  fall  Is  dependent  upon  the  existing  trlaxlal  stress  field, 
the  higher  the  trlaxlality,  the  S— ller  tee  effective  plastic  strain  at 
failure.  The  relationship  between  strain  at  failure  and  the  degree  of 
trlaxlality  Is  given  by  the  failure  criteria. 


•This  work  — s  supported  by  the  U.S.  Depart— nt  of  Energy  (DOC),  under 
Contract  DC-M044P00788. 

**A  U.S.  Oapart— at  of  Energy  Facility 
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A  HcthoO  for  Soft  SoloorU*  or 

* _ --  Sup»rv1»ry  ftettlturtf** 

UolU  R«***rch  c*nt*  ’ 

abstract 
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b«  tppTleBU*  to  otfcrr  »TT«9f  «■*  *• 

SSr3r2S»“<M"-“*“”*  *“*”• 


Seas  Ion  IW-1:  HOMLntEAR  ELASTICITY 

Organiser:  M.F.  BEATTY,  University  of  Kentucky 

Chairperson:  S.  J.  SP ECTOR,  Sou  than  Illinois 
University 

Co-Chairperson:  T.  4.  DELPU,  Lehigh  University 


*  9:30  -  10:00  X.  T.  VITO,  Georgia  Institute  of  Technology: 

"Son  Applications  of  tha  Theory  of  Largs  Elastic 
Defornationa  in  Soft  Tissue  Mechanics" 

*10:00  -  10:30  N.  F.  BEATTY,  University  of  Kentucky: 

"On  the  Instability  of  a  Fiber  lelnf oread,  Canprea- 
alble  Hyperelastic  Thick  Plate  Under  Axial  Loads" 

10:30  -  11:00  COFFEE  BREAK 

11:00  -  11: IS  1.  L,  FOSSICK,  University  of  Minnesota  and 

C.  F.  MAC  SITBICH,  University  of  Missourl-Kolls: 

"Necessary  Conditions  for  Minlaizera  in  Inextenslble , 
Finite  Elasticity" 

11:13  -  11:30  K.  RQSTAKIAH,  Pennsylvania  State  University: 

"Internal  Constraints  in  Linear  Elasticity:  Existence 
of  Solutions" 

11:30  -  11:43  S.  DOST  and  F.  G.  GLOCKRER,  Tha  University  of  Calgary, 

Canada: 

"On  BaltrsBi-Mltchell  Equations  in  Finite  Elasticity" 


J '  1  1 1  -  A-* <  '/ .  t>'' 
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ON  THE  INSTABILITY  OF  A  FIBER  REINFORCED,  COMPRESSIBLE 
HYPERELASTIC  THICK  PLATE  UNDER  AXIAL  LOADS 

by 

Millard  F.  Beatty 

Department  of  Engineering  Mechanics 
University  of  Kentucky 
Lexington,  KY  40S06 


Euler’s  Instability  criterion  based  upon  existence  of  an  adjacent 
configuration  of  equilibrium  for  dead  loads  Is  applied  to  study  the 
Instability  of  a  thick,  compressible  hyperelastic  slab  reinforced  by 
high  strength  fibers  through  Its  thickness  normal  to  the  axis  of 
tensile  and  compressive  loadings.  The  solution  contains  results 
derived  elsewhere  for  special  rubberlike  materials.  In  the  present 
Investigation,  subject  only  to  certain  well  known  enplrlcal  restrictions 
on  the  strain  energy  function,  the  solution  Is  obtained  for  every 
compressible  and  Isotropic,  hyperelastic  material  having  Inextenslble 
reinforcement  arranged  as  mentioned  above.  It  Is  shown  that  due  to 
the  reinforcement  Instability  In  both  tension  and  compression  may  occur. 


NECESSARY  CONDITIONS  FOR  MXMZMZZERS  IN 

mxmszBLE,  ram  elasticity 


R.  L.  Foedlck 

Department  of  Aeronautical  Engineering  and  Mechanics 
university  of  Hlanaeota 
Minneapolis,  Ml  55455 


G.  r.  Mac  Slthlgh 

Department  of  Engineering  Mechanics 
University  of  Mlaaourl-Bolla 
Bella,  MO  65401 


Ha  study  the  mixed  boundary-value  problem  of  displacements 
and  dead-load  tractions  tor  an  Inextenslble,  hyperelastic  body. 
Ha  formulate  it  as  a  variational  problem;  that  of  minimising 
the  potential  energy  of  the  body  and  loading  device  over  a 
class  of  kinematically  admissible  deformations. 

Ha  obtain  the  following  necessary  conditions  for  a 
piecewise  regular  minimi aar  containing  singular  surfaces : 
first  and  second  variation  conditions,  multiplier  rule,  jmp 
conditions,  Euler -Lagrange  equation,  natural  boundary  conditions 
and  Legendre  Eadanard  condition. 


umnui.  comtuuts  n  lusml  Eunicm; 

EXISTENCE  OF  SOLUTIONS 

levbw  loitNl* 

Department  of  Mathematic* 

Nu«rl«wU  SMC*  Ual vanity 
University  Park,  Fa  16802 

Lat  S,  I,  and  K  d*not<  sera a*,  a train,  and  tha  compliance  tenaor 
fields  foe  an  elaatic  material.  Thus  E  *  K(S).  A  material  la  internally 
constrained  at  a  point  If  E  ha*  a  ooo-triviel  null  apace  at  that  point, 
that  la,  certain  stresses  do  net  contribute  to  the  atrain.  See  Pipkin  11). 

Consider  an  elaatic  beds  la  a  bounded  donein  2  in  subjected 

to  a  body  force  field  (  it  SI,  and  prescribed  displacements  u  and 
tractions  a  on  i  naplanaarary  parts  3j2  and  3^,2  of  the  boundary  of 

2.  Let  n  denote  the  unit  outward  normal  to  the  boundary  and  suppose 
that  1C  is  ay— trie.  Them  by  tha  principle  of  the  Walam  Complementary 
Energy  (aee  Curtin  (2))  Che  oqai  llbrlun  atreee  is  a  stat ionary  point  of 
the  functional 

I(S)  -4/  S  •  K(8)dx  -  f  u  •  Sn  dr. 

J  hS 

in  the  set 

C  -  (S:  div  S-f  In  2,  Sn  -  s  on  322). 

In  the  presence  of  internal  constraints,  K  has  e  non-trivial  null 
apace,  so  1  la  not  coercive  and  tha  usual  proof  of  the  existence  of 
nininlaere  does  not  go  through,  —thee  Mutual  feature  is  an  extra 
compatibility  condition  that  oust  be  satisfied  by  u.  To  Illustrate,  let's 
consider  a  very  special  ceea  whan  the  notarial  la  incompressible  and  the_ 
displacement  la  prescribed  an  tha  entire  boundary.  Clearly  only  those  u 
ere  admissible  that  leave  the  total  volume  invariant.  Kith  other  type*  of 
internal  constraints,  inextea* ibis  fibres  for  example,  desses  of  admissible 
date  are  not  so  intuitively  obvious. 

lie  Mamin*  this,  and  mar*  gamer  el  boundary  value  problems,  formulate 
the  admissibility  criteria  far  the  data  and  prove  the  existence  of  solutions 

la 


1.  A.C.  Pipkin,  Constraint*  la  linearly  elastic  materials,  J.  Elasticity 
£U*78)  178-1*2. 

2.  M.  E.  Curtin,  Tha  1  laser  Theory  of  Hast  laity,  Eundlwch  der  Phyalk, 

VI  a/2.  Springer  Faring.  Ear  11m,  1*72. 
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o«  KTun-nvm  equations  id  nnn  Eusncin* 

S.  Drat**  and  P.G.  Glockaer* 


Pepartaant  of  Mechanical  gaglneerlag,  The  Oat  vanity  of  Calgary, 
Calgary,  Alberta,  Canada  T2H  UK 


ABSTRACT 

Zb  tha  linear  theory  of  elasticity,  substitution  for  tha  strain 
taasor  la  tha  conyatallllty  equations  yields  six  equations  in  tans  of 
straaaaa  referred  to  as  "Baltraai-Mttehell"  aquations  which,  together 
with  tha  equlllbrlMi  equations  and  appropriate  boundary  conditions,  de¬ 
fine  the  at  rasa  boradery  value  problaau  Application  of  this  procedure 
la  nonlinear  elasticity  theory  la  not  as  straight  forward  since  the 
constitutive  relations  are  not  easily  Inverted.  In  addition,  the  conpat- 
lbillty  equations  la  terra  of  detonation  (or  strain)  tensor  are  highly 
nonlinear  and  the  eqadllbrtra  equations  la  terra  of  the  second  Piola- 
Kirchheff  stress  tensor  involve  the  iH splac anaet  field  sxplidcy. 

The  ala  of  this  paper  Is  to  dories  Belt raaK -Mitchell  aquations 
fbr  nonlinear.  elasticity  thsory.  In  sllndnats  the  difficulties  aantloned 
shove,  the  first  Pisla-ElreWtnff  stress  tensor,  rad  ths  deforratloe 
gradient,  T,  era  ehosab  as  field  variables  in  tha  derivation  no  as  to 
yield  linear  eqnlllbrlue  and  compatibility  equations  In  terra  of  J,  and 
respectively.  It  1*  easarad  ehnt.  an  energy  density,  ,  and  enrranpcnd- 
ingiy ,  a  coeplerantary  energy  density,  Wc($),  exist  [1]  such  that  tha 
contact  trees fotratioe  V(T)  +  V.(§)  •«(££)  yields  4  -  W/tt  and  £  - 

It  in  required  that  «(| )  and  satisfy  tha  anftra  of  objectivity. 

rrovi&d  the  coast  lenrivs  aqua  tiara  fhr  |  era  invert  able,  or  eqnlveleetly, 
Wc(g)  exdste,  substitution  of  the  dvforaatlon  gradient,  j,  into  tha 
coepatibillty  eqaatlons  yields  coal  inner  differential  equations  in  tarns 
of  1  only  which  ora  bo  ragsrdnd  aa  the  Bel  t  rsni-m  tchsl  1  equations  of 
awllaear  elasticity.  Intro deetloo  of  stress  fractions  satisfying  ths 
aqulllbrlusi  equatlom  ldantically  leads  to  a  system  of  nlno  aquations  In 
teras  of  these  stress  fractions,  which,  together  with  appropriate  boundary 
conditions,  represent  a  stress  boundary  value  problra. 

Aa  an  sxanpls,  tha  equations  are  also  derived  for  "aesi-linaar" 
elastic  materials  Introduced  in  [ZJ. 

Reference* 

1.  Ogdaa,  R.V. ,  "A  Kota  on  Variational  Thnorana  In  goal 1 near  £1 as to¬ 
ut  a  tics",  Math  Ptoc.  Crab.  Phil.  Soc..  77,  1*75. 

2.  Rotter,  W.T.,  "Oh  the  Principle  of  Stationary  Coeplerantary  Energy  in 
tha  Nonlinear  Theory  of  Elasticity",  SIAM  Jour.  Aral.  Math.  2£,  1973. 

* 

Professor  rad  Bead 
■*■+  . 

Associate  Profesaor 

* 

Tha  results  presented  hers  were  obtained  in  tbe  course  of  resapreb 
sponsored  by  tbs  natural  Sciences  and  Engineering  Research  Connell 
of  Chanda,  Craat  No.  A-2736. 
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Session  TM-2;  NONLINEAR  EQUATIONS 

Organiser:  M.K.  Mtns,  The  George  Hash  In  (ton  University 
Chairpersons  H.  EVERSMAN,  University  of  Mlsaourl-Rolla 


*  9:30  -  10:00  A.  D.  PIERCE,  Georgia  Institute  of  Technology: 

"nonlinear  Propagation  of  Sound:  A  Tutorial  Review" 

"  10:00  -  10:30  M«  K.  HTERS,  The  George  Washington  University: 

"Eonllnear  Propagation  of  Sound  Through  nearly  Sonic 
Duct  Flows" 


10:30  -  11:00  COFFEE  BREAK 


*  11:00  -  11:30  J.  H.  GINS BURG,  Georgia  Institute  of  Technology: 

"A  Direct  Method  for  Non-Linear  Acoustics  ml  Its 
Application  to  Underwater  Sonar" 

*  11:30  -  12:00  P.  H.  ROGERS,  Office  of  Naval  Research,  Arlington 

and  0.  H.  TRIVETT,  Naval  Research  Laboratory, 
Washington,  D.C.: 

"Scattering  of  Sound  by  Acoustic  Pulses  and  the 
Pulsed  Parametric  Array" 

12:00  -  12:15  G.  H.  MCDONALD  and  J.  PEDDLE SOM,  JR.,  Tennessee 
Technological  University: 

"An  Approximation  Method  for  Velocity-Sensitive 
Combination- Instability  Problems" 
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NONLINEAR  PROPAGATION  OF  SOUND: 
A  TUTORIAL  REVIEW 


Allan  D.  Pierce 

School  of  Mechanical  Engineering 
Georgia  Institute  of  Technology 
Atlanta,  Georgia  30332 


Acoustics  is  ordinarily  concerned  with  small-amplitude 
disturbances,  so  nonlinear  effects  are  typically  of  minor 
significance.  Small  nonlinear  terms  in  the  fluid-dynamic 
equations  can  have  appreciable  accumulative  effects,  however, 
over  long  distances  of  propagation  or  over  long  periods  of 
time.  Present  paper  reviews  theories  applicable  to  when  the 
disturbance  everywhere  locally  resembles  a  propagating  plane 
wave. 

The  classical  developments  of  Riemann  and  Earnshaw  lead 
to  a  "first-cut"  model  for  truly  one  dimensional  disturbances  in 
a  homogeneous  fluid  without  dissipation.  A  waveform  distorts  as 
it  propagates  because  points  of  different  amplitudes  move  with 
different  velocities;  the  local  speed  of  propagation  varies 
because  of  the  dependence  of  sound  speed  on  pressure  and  because 
the  disturbance  itself  induces  a  flow  in  the  fluid,  relative 
to  which  the  sound  propagates.  To  a  first  approximation,  the 
acoustic  pressure  p  satisfies 

3p/3t  ♦  [c  +  Bp/pc] 3p/3x  -  0 

where  b  is  a  thermodynamic  property  of  the  fluid,  density  p 
and  sound  speed  c  are  for  undisturbed  state.  This  equation 
does  not  apply  at  shocks;  the  Rankine-Hugoniot  equations  lead 
to  prediction  that  these  move  with  speed  equal  to  average  of 
c  +  Bp/pc  before  and  after  discontinuity.  This  in  turn  leads 
to  the  highly  useful  "equal  area  rule"  first  discovered  by 
Landau  for  predicting  locations  of  shocks. 

The  small  discontinuity  in  entropy  (third  order  in  amplitude) 
at  a  shock  accounts  for  an  intrinsic  loss  in  energy  independent 
of  whatever  physical  mechanism  causes  the  attenuation.  To 
explicitly  take  dissipation  into  account  one  can  derive  appro¬ 
priate  nonlinear  propagation  equations  (such  as  Burgers'  equation) 
by  first  finding  the  dispersion  relation  for  constant  frequency 
linear  acoustic  waves,  k  *  k(«  ),  then  replacing  ik  by  3/3x,  -iw 
by  3/3t,  and  c  by  c  +  Bp/pc.  The  dominant  mechanism  is  often 
rdlaxation,  rather  than  viscosity  or  thermal  conduction,  but  often 
the  phenomena  is  adequately  approximated  by  an  equivalent  bulk 
viscosity.  Plane  wave  models  of  weak  nonlinear  propagation  have 
been  wedded  to  geometrical  acoustic  models  by  Whitham,  Hayes,  and 
others,  with  the  assumption  that  ray  paths  are  not  altered  by 
nonlinear  effects.  (Material  discussed  in  paper  is  covered  in 
greater  detail  in  Chapter  11  of  author's  textbook,  Acoustics. ) 
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NONLINEAR  PROPAGATION  OF  SOUND  THROUGH 
NEARLY  SONIC  DUCT  FLOWS 

M.  K.  Myers 

Joint  Institute  for  Advancement  of  Flight  Sciences 
The  George  Washington  University 
Hampton,  Virginia  23665 

The  behavior  of  sound  in  a  high  subsonic  variable-ares  duct  flow  is 
of  practical  Interest  in  connection  with  the  so-called  sonic  engine  in¬ 
let,  in  which  marked  reductions  of  upstream  traveling  sound  have  been  ob¬ 
served.  A  near-sonic  steady  flow  near  the  throat  of  the  duct  causes  a 
transonic  trapping  of  upstream  waves,  and  the  resulting  intensification 
of  the  field  gives  rise  to  nonlinear  Interactions  between  the  sound  and 
the  flow. 

A  quaei-ooe  dimensional  theory  which  describes  the  inherently  non¬ 
linear  acoustic  propagation  process  in  near-sonic  flows  has  been  developed 
in  an  attempt  to  understand  some  of  the  physical  mechanisms  responsible 
for  reductions  of  noise  ultimately  transmitted  out  of  the  duct.  The 
theory  la  derived  using  the  method  of  matched  asymptotic  expansions  and 
yields,  in  the  near-sonic  inner  region  of  the  flow,  a  set  of  nonlinear 
equations  of  motion  which  describe  the  Interactions  between  the  flow  and 
the  acoustic  field.  These  equations  can  be  solved  analytically  uelng  the 
method  of  characteristics,  and  their  solution  is  asymptotically  matched 
to  the  linearised  acoustic  solution  valid  in  the  low  Mach  number  regions 
of  the  flow. 

It  is  shown  that  the  nonlinear  effects  of  the  flow  on  sound  are  ap¬ 
preciable.  For  example,  sound  energy  introduced  by  a  simple  harmonic 
source  la  partitioned  into  an  infinite  niariwr  of  superharmonic  components 
sad  a  steady  streaming  component  after  passing  through  the  near-sonic  flow 
region.  Even  in  the  absence  of  dissipation,  this  partitioning  can  reduce 
significantly  the  energy  transmitted  in  the  fundamental  compared  to  that 
imparted  at  the  source.  Of  more  physical  consequence,  however,  is  the 
fact  that  sufficiently  high  Mach  numbers  or  frequencies  cause  the  non¬ 
linear  acoustic  waves  to  develop  shocks  in  the  near  sonic  region.  The 
thermovlscous  effects  modeled  by  the  shock  jump  conditions  result  in  a 
major  attenuation  of  the  total  acoustic  energy  transmitted  out  of  the 
duct.  This,  in  conjunction  with  the  spreading  of  energy  into  harmonics, 
can  lead  to  a  power  reduction  of  an  much  as  90S  in  the  fundamental  har¬ 
monic  during  passage  of  the  sound  through  the  duct. 

A  major  result  of  the  work  is  am  analytical  solution  for  the  loca¬ 
tion  and  strength  of  the  shocks  in  the  periodic  wsvefonm  which  ia  e 
general last ion  of  the  "equal  area"  rule  of  classical  weak  shock  theory, 
this  analysis  will  he  described  In  some  detail,  and  various  ceuputad  re¬ 
sults  will  be  presented  to  illustrate  the  theory. 


A  DIRECT  METHOD  FOR  NON-LINEAR  ACOUSTICS  AMD 
ITS  APPLICATION  TO  UNDERWATER  SONAR* 

Jerry  H.  Ginsberg 

Professor,  School  of  Mechanical  Engineering 
Georgia  Institute  of  Technology 
Atlanta,  Georgia  30332 

The  dlstortlonal  phenomenon  of  amplitude  dispersion  In  the 
propagation  of  nonlinear,  nondiasipatlve  sound  waves  In  fluids  has  been 
thoroughly  studied  for  the  one- dimensional  case.  However,  the  methods 
used  for  such  investigations  are  difficult  to  extend  to  multi-dimensional 
problems  In  which  there  Is  strong  variation  along  the  wavefronts.  A 
perturbation  method  for  solving  such  problems  has  evolved  through  a 
sequence  of  analyses  of  progressively  more  complicated  systems.  The 
result  Is  a  general  "direct"  method  which  can  derive  the  wave  motion 
without  phenonenological  assumptions  in  situations  where  the  analogous 
linear  system  can  be  solved. 

The  basis  for  the  method  is  the  general  nonlinear  wave  equation 
governing  velocity  potential.  The  method  begins  by  expanding  the 
potential  In  a  regular  perturbation  series  whose  small  parameter  la  the 
amplitude  of  the  excitation  scaled  relative  to  ambient  conditions.  In 
the  usual  manner,  the  leading  term  in  the  expansion,  which  Is  the 
linearised  solution.  Is  used  to  fora  the  nonhomogeneous  source  terns 
which  drive  the  second  order  terns.  Due  to  wave  resonances  (seculerlty) 
which  are  Inherent  to  nondiapersiva  waves,  a  portion  of  the  second  order 
potential  grows  cwulatively  relative  to  the  first  order  terms.  The 
direct  method  focuses  only  on  such  growth  terms  when  It  forms  the  particle 
velocity  and  pressure.  Cumulative  growth  means  that  tha  solution  Is  not 
uniformly  accurate.  This  condition  Is  corrected  by  Introducing  a 
coordinate  straining  transformation  which  must  regularise  the  pressure 
and  particle  velocity  simultaneously.  The  transformation  describes  the 
distortion  of  the  signal.  The  resulting  analytical  expressions  are 
valid  up  to  the  location  where  a  shock  forms;  extension  beyond  that 
location  requires  shock  fitting. 

The  application  of  the  direct  method  to  sound  beans  which  radiate 
from  a  transducer  In  an  infinite  baffle  will  be  described.  The  analysis 
obtains  the  potential  function  by  a  Henkel  transform  and  an  Integration 
using  the  method  of  stationary  phase.  The  fluid  medium  In  this  case 
acts  as  an  Infinite  wave  guide  whose  individual  modes  occur  is  a 
continuous  spectrum.  In  addition  to  the  sawtooth  type  distortion 
observed  In  simpler  systems,  the  waveform  In  a  sound  bean  Is  found  to 
display  strong  asymmetries  between  compression  and  rarefaction.  In 
agreement  with  earlier  experimental  work. 


*Thls  work  was  supported  by  the  National  Science  Foundation  through 
grants  No.  CME  8026496  and  No.  MEA  8101106. 


Peter  H.  Regers 

Office  of  Naval  Research,  Arlington,  VA  22217 
David  H.  Trivet t 

Naval  Research  Laboratory,  Washington,  DC  20375 


An  exaalnatlon  of  the  scattering  of  sound  by  Sound  Indicates  that  the  boundary 
of  the  Interaction  region  la  very  Important  in  determining  not  only  the  level 
of  the  scattered  sound  but  also  the  frequency  of  the  scattered  sound.  In  the 
ceee  of  a  pulse  propagating  through  a  cv  plane-wave  (Where  the  boundary  of  the 
Interaction  region  la  propagating  at  the  sound  speed)  the  frequency  of  the 
far-fleld  scattered  sound  at  a  flaed  angle  la  the  cv  freauency,  Doppler 
shifted  l.e. , 

<i-a»e) /(!-«**) 

where  f ,  is  the  frequency  of  the  plane  were,  •  1*  the  angle  between  the  cv 
vav evecror  and  the  puloe  vaveveetor  and  g  is  the  observation  angle  with 
respect  to  the  puloa  vaveveetor  In  the  Interaction  plana.  The  scattered 
signal  has  etrnag  ulna  at  the  Suppler  angle # share  the  frequency  of  the 
scattered  signal  la  equal  to  the  ran  frequency.  The  scattered  signal  at  f, 
observed  at  a  finite  distance  f rov  the  Interaction  region  thus  appears  as  a 
pulse  whose  frequency  swaps  fron  a  value  sunaehat  above  the  son  frequency  to 
a  value  sonsvhet  below  Che  sun  frequency.  In  addition  to  the  absence  of  the 
sun  and  difference  frequency  at  note  angles,  the  theory  yeildv  no  off-axis, 
g-O,  scattered  signal  When  the  pulse  propagates  In  the  sane  direction  as  the 
cw  plane  wave.  Since  this  la  the  geowetry  of  the  pulsed  parsnetrle  array, 
which  has  been  enpertttsutelly  deumsrrated  to  scatter  sun  and  difference 
frequency,  the  scattered  signal  uust  be  generated  at  none  tine  other  than  When 
the  pulse  (l.e.,  interaction  region)  is  freely  propagating.  We  find  that 
while  the  Interaction  region  has  a  stationary  boundary  (l.e. ,  during  tha  tine 
the  pules  exits  the  transducer)  a  sun  and  difference  frequency  signal  la 
produced.  However,  once  tha  pulse  leaves  tha  transducer  (so  that  both 
boundaries  neve  at  the  sound  speed)  no  off-axis  scattered  signal  la  produced. 
Tha  bean  pattern  la  (taller  to  that  obtained  by  Neat  tree It  (J.  Aconat.  Soc. 
km.  35,  535-537  OHS)  In  Ms  cw  calculation.  Tha  received  difference 
frequency  pulse,  hewvar,  appears  as  if  radiated  directly  fron  the  transducer. 


AN  APPROXIMATION  METHOD  FOR  VILOCITY-SIMSITIVE 
COMBINATION- INSTABILITY  PROBLEMS 

Gary  H.  McDonald  and  John  Paddle son,  Jr. 

Department  of  Engineering  science  and  Mechanics 
Tennessee  Technological  University 
Cookeville,  Tennessee  38501 

ABSTRACT 

The  nodel  differential  equation 

3t2*-VJ*+5(3t«+2a3tffell?*-,f4)+e(a^3t*-ic723ta^)  -  0  (1) 

arises  in  a  simplified  analysis  of  velocity-sensitive  combustion  insta¬ 
bility  in  liquid-fuel  rocket  notors.  In  (1)  all  quantities  are  dimen¬ 
sionless  with  s  denoting  the  naan  flow  direction,  t  the  tine,  +  a 
velocity  potential,  w  a  Measure  of  the  Mean  burning  rate,  N  a  Measure 
of  the  unsteady  burning  rate,  c  a  Measure  of  the  initial  disturbance, 
and  k  a  Measure  of  the  influence  of  baffles.  The  presence  of  the  ten 
aultipled  by  N  in  (1)  distinguishes  equations  of  this  type  from  those 
nomelly  encountered  in  nonlinear  acoustics .  There  is  a  need  to  develop 
both  enact  and  approximate  Methods  for  the  solution  of  equations 
similar  to  (1) .  Tbs  pres  sot  paper  discusses  ana  relatively  simple 
approximate  method.  It  consists  of  performing  an  approximate  nodal 
analysis  of  (1)  using  the  Galea-kin  netted  and  then  solving  the 
resulting  system  of  ordinary  nonlinear  differential  aquations  approx¬ 
imately  by  the  two-variable  perturbation  netted  (netted  cS  Multiple 
scales) . 

The  Method  is  illustrated  through  consideration  of  a  ooabuetor 
in  the  shape  of  an  annalus  of  narrow  gap  width.  In  a  polar  coordinate 
Spates  (r,  8,  s)  the  coabustor  extends  from  an  injector  at  a  -  0  to 
a  nossle  at  i  »  L  and  has  a  naan  radius  r  »  1.  A  variety  of  solutions 
are  obtained  for  the  ease  of  transverse  disturbances  (♦  »  ♦  (♦,  t) ) . 

One  especially  interesting  closed- form  solution  can  bn  obtained 
under  the  eeeusption  that  the  last  two  terns  in  (U  can  be  neglected. 

It  has  the  traveling -wave  fora 

♦  •  asp  r-vt/2)  sac  ( tW  (1-axp  (-wt/2)  )/2*)  sin  (t-6 ) 

+arp(- wt/2)  tan  (eN  (1-asp  (-wt/2)  )/aS  sin  (2  (t-«)  )/22/3a. . .  (2) 

It  osa  be  saaa  that  this  solution  exhibits  a  violent  (net ability  (it 
bsoonss  infinite  in  a  finite  tins)  for 

•  >  s/uS)  -  2.22/c  (3) 

This  behavior  is  quite  diffarsnt  free  the  process  of  abode  fores tion 
fsnilinr  fns  nonlinear  acoustics. 


Organiser  and  Ckiirptnoti  J.  1.  MMUJt,  San ala 

Rational  Laboratorlea 

Co-Chairperson:  M.  SRARXRPOOR,  Clarkson  Collage 


*  9:30  -  10:00  J.  B.  BtMBU,  Smdia  Rational  Laboratories: 

"Sana  Constitution  Aspscts  of  Updating  Physical 
Processes  In  tha  Barth" 


*  10:00  -  10:10  W.  R.  WAWHtSIB  and  0.  H.  EEOCS,  Saadla  Rational 
Laboratories: 

"On  tbs  Description  of  ham  Rtreae,  Lav  Taaperature 
Crsap  of  Rock  Salt" 

10:30  -  11:00  C01REE  BREAK 


*  11:00  -  11:30  M.  McHUTT,  Naaaachaaatta  last! tuts  of  tecbaology: 

"Eatlnatea  of  analogical  Bshavior  of  tha  Earth's 
Croat  and  RRpar  Mantis  Osar  Million  Tear  Tbm  Sea  las 

*  11:30  -  12:00  D.  A.  T0B,  Arisons  Rtata  Buinoislty: 

"The  Vlacaalty  of  tha  Iont  Mantle:  tnforancas  fron 
Malar  Ibtlon  Bata" 

12:00  -  1203  M.  8MAHTRP00K  and  6.  AHMADX,  Clarkaon  College  of 

"Stahla  Cxaanlar  Uaga  la  «uk  Gravitational  Walds" 


12:13  -  12:30  X.  «.  BOHR  and  P.  C.  RNKUET, 
University,  India: 

Creep 


Si*  ■  -r-**' 


SOME  CONSTITUTIVE  ASPECTS  OP  MODELING 
PHYSICAL  PROCESSES  IN  THE  EASTH 

John  B.  Bundle 

Sandia  National  Laboratoriaa 
Albuquerque,  MM  87185 

For  the  last  one  hundred  year a,  it  haa  been  known  that  the 
earth  la  capable  of  trananitting  vibration*  due  to  earthquakes.  This 
realisation  led  in  turn  to  elegant  calculations  by  Lord  laylalgh, 

H.  Leak,  A.  B.  H.  Love,  and  others,  in  which  the  earth  was  aodeled  aa 
an  elastic  body  in  and  over  which  elastic  waves  night  propagate.  Even 
then,  it  was  known  that  the  earth  could  not  be  perfectly  elastic, 
because  the  vibrational  energy  decayed  to  sen*  in  a  natter  of  hours, 
or  at  aoat,  days.  Detailed  treatnent  of  nodal*  in  which  these  lnper- 
fections  of  elasticity  are  correctly  included  in  wave  propagation 
calculations  baa  corn  only  recently  with  the  advent  of  nodam  high 
speed  computing. 

At  the  aane  tine  that  applied  nathanaticians  were  sharpening 
their  calculations  of  wave  propagation,  geologists  began  to  realise 
that  pemanent  deformations  due  to  earthquakes  could  occur.  Led  by 
Henry  Fielding  Need,  the  eoanltcee  charged  with  the  investigation  of 
tha  1906  Nan  Francisco  Earthquake  concluded  in  their  report  of  1911 
that  the  selsnic  event  had  been  tha  product  of  an  "elastic  rebound". 
Precise  earth  surveying  neasurenenta ,  which  began  in  the  niddle  of 
tha  19th  century,  revealed  that  sharp  offset*  of  survey  nananants 
occurred  during  tha  event.  These  offsets  extended  aane  ton  kilometers 
away  fron  the  fault,  and  were  aodeled  well  by  a  physical  nodal  in¬ 
volving  fean  blocks  in  relative  stick-slip  notion.  Itore  Inport eat, 
post-1906  surveys  extending  up  to  the  p rennet  tine  reveal  a  pattern 
of  continuing  displacements.  These  deformations  are  often  eased  at ed 
with  no  known  seisalc  event,  and  are  dearly  the  product  of  a  variety 
of  inelastic  physical  processes.  That  such  continuing  deformations 
can  occur  was  at  first  surprising.  However,  the  now  theory  of  plate 
tectonics  predicted  very  large  scale  deformations  extending  over 
geologic  tine,  and  it  was  finally  realised  that  these  dofotnetlons 
are  only  a  local  asnlfestatlon  of  plate  seals  nations. 

During  the  last  few  years,  naay  of  the  phsnnmmu  associated 
with  plate  tectonics,  including  earthquakes,  lasataay,  fluid  flow  and 
fluvial  processes,  and  rock  da formation,  have  base  node led  using  n 
variety  of  techniques.  These  nodale  require  both  e  geometric  repre¬ 
sentation  of  the  proeeea,  aa  well  aa  a  constitutive  law  to  relate 
stress  to  deformation.  A  few  arsnplas  which  util  be  considered  here 
include  inelastic  geodetic  crustal  deformation  dae  to  eectbgnekaa, 
volcanoes,  anil  pimping  and  hydrofracture  in  a  nsnlsnthsmsl,  fluid 
infiltrated  trust;  plat#  flexure  due  to  tha  inanition  of  large 
volcanic  lands  aneh  an  the  Itausltmi  —perns  ■lannsst  chela;  eenstltu- 
tlue  modeling  of  laboratory  rock  deformation;  large  seals  flaw  pm- 
canons  la  tha  north's  mantis  sad  crust}  and  constitutive  less  relating 
slip  on  faults  to  appllad  strata**. 

«HUs  work  was  supported  by  the  0.1.  Dept,  of  heergy  Contract  NH- 
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On  the  Description  of  Low  Stress,  Low  Toapersture 
Creep  of  Rock  Salt* 

W.  R.  Wswsrslk  and  D.  H.  Zauch 
Saadis  national  Laboratories 
Albuquerque,  Raw  Mexico  87 IS 5 

The  thamnmarhsnl  ral  behavior  of  rock  salt  is  of  Interest  to 
Interpret  the  forest  Ion  of  salt  structures  and  to  evalate  the  design 
of  aloes,  storage  caverns  and  radioactive  waste  repositories.  An 
important  aspect  of  these  problems  Is  the  nature  of  salt  creep  at  low 
stresses  and  low  homologous  temperatures .  As  a  result,  several  creep 
studies  were  carried  out  using  single  and  anltlatags  tests  where 
either  stress  or  tenperetute  was  Increased  between  stages.  Measure¬ 
ments  appeer  to  fit  hoot  e  simple  power  law  of  stress  to  describe 
steady  state  creep.  Transient  creep  wee  fitted  to  at  least  three 
functions.  All  of  them  suggest  that  transients  ere  relatively  un¬ 
important  because  they  are  short-lived  end  limited  to  small  strains. 

This  paper  addressee  three  questions  which  are  Important  for 
the  qepll ration  of  the  present  creep  node Is.  (1)  Are  the  models  valid 
under’  arbitrary  stress  and  temperature  histories?  (2)  Are  the 
merhenisms  controlling  melt  creep  sufficiently  understood  to  justify 
extrapolations  to  lower  etreseea,  lower  temperatures  and  long  times?, 
and  (3)  Are  observations  cm  laboratory  spirtmsss  representative  of 
the  behavior  of  salt  aassas  la  situ? 

Results  will  ha  described  from  creep  experiments  with  complex 
stress  and  temperature  histories  when  stress  and  temperature  were 
Increased  and  decreased.  In  addition,  substructure  observations  will 
he  reviewed  which  won  nods  on  "an  received"  laboratory  and  amperl- 
naa tally  defamed  specimens  and  am  naturally  defomd  crystals  which 
wars  collected  ten  tea  walls  of  mins  drifts. 


Many  creep  meaenraments  under  decreasing  stress  and  temperature 
resulted  In  anomalously  low  creep  rates  which  an  net  predicted  by 
the  present  models.  Those  low  creep  rates  asy  '.persist  for  times  which 
are  long  compared  with  tee  time  scale  of  engineering  problems.  The 
data  available  do  net  aaclude  the  possibility  that  the  anomalies 
following  unloading  effect  the  full  racevwry  of  secendery  creep. 

Coaparlaoms  of  creep  ratas  at  different  etreseea  end  tempera¬ 
tures  a*  wall  as  sabetrwetural  observations  indicate  that  at  low 
tamp  acetate  swap  of  soak  salt  may  mot  be  asattolM  by  die  beset  Ion 
die*  oven  though  tee  font  of  the  power  low  fie  for  steady  scats 
creep  data  la  oanmtetamt  with  that  mechamlem.  This  eaggeetloa  is 
based  am  tea  sues  resist  of  affective  activation  energise  end 
transients  fsUsnlmg  tmeperefmre  changes,  it  Is  else  baaed  am 
ahandant  evidence  of  dlmlocatloc  gilds  and  ea  the  teens  of  embgrelme 

ae^teameeig^otmedOBlmtee  satmpolatloa  ofjha^prsnemt  nadili. 

defeated*  etepHi  ladleati  tent  the  p  roc  esses  is  ldgarctory  toots  are 


net,. 
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ESTIMATES  OF  RHEOLOGICAL  BEHAVIOR  OF  THE  EARTH'S  CRUST 
AND  UPPER  MANTLE  OVER  MILLION  YEAR  TIME  SCALES 


Marcia  McNutt 

Department  of  Earth  and  Planetary  Sciences 
Massachusetts  Institute  of  Technology 
Cambridge,  Massachusetts  02139 


The  answers  to  a  number  of  Important  questions  In  geotectonics 
and  geodynamics  await  adequate  models  for  the  rheological  char¬ 
acteristics  of  earth  materials  over  geologic  time  scales.  Most  of 
the  Insight  Into  this  problem  has  been  derived  from  the  results  of 
laboratory  experiments  on  rock  samples.  It  Is  difficult,  however, 
to  apply  these  models  with  much  confidence  to  geological  and  geo¬ 
physical  studies  because  of  disparity  In  time  scales  and  physical 
dimension  as  well  as  the  presence  of  Impurities  In  the  real  earth. 

One  way  to  clrcuevent  these  difficulties  Is  to  take  advantage 
of  nature's  own  experiments  as  seen  In  field  observations  of  rock 
deformation.  The  real-earth  laboratory  Is  less  than  Ideal  In  the 
sense  that  there  are  only  a  limited  nudber  of  cases  for  which  we 
have  sufficient  knowledge  of  the  boundary  conditions  of  the  system 
and  the  prior  history  of  the  experiment.  Nevertheless,  a  fairly 
consistent  picture  emerges  for  the  rheological  behavior  of  the 
oceanic  crust  and  upper  mantle  when  geophysical  observations  are 
Interpreted  within  the  context  of  laboratory  models.  Strength  In 
the  upper  layers  of  the  seafloor  Is  limited  by  pressure-dependent 
brittle  processes  and  may  exceed  GOO  IPi  at  15-  to  20- km  depths. 

At  deeper  levels  ductile-flow  processes  dominate.  The  exponential 
dependence  of  yield  strength  on  temperature  causes  a  rapid  tran¬ 
sition  at  about  40- km  depth  from  a  high-strength  "mechanical 
lithosphere"  to  a  deeper  zone  where  the  mantle  supports  devlatoric 
stresses  less  than  50  Wa  over  million  year  time  scales. 

Determining  the  long-term  rheological  behavior  of  continental 
materials  Is  a  much  more  difficult  problem.  In  contrast  to  the 
simple  layer  structure,  fairly  uniform  rock  chemistry,  and  short 
(200  m.y)  geologic  history  of  the  ocean  basins,  Jie  continents  are 
heterogeneous  In  all  dimensions  and  have  experienced  many  deforma¬ 
tion  events  over  their  billion-year  history.  Data  from  laboratory 
experiments  on  granite  and  quartzite  suggests  that  the  continental 
crust  Is  much  weaker  than  the  basaltic  seafloor,  but  the  field 
evidence  does  not  always  support  this  claim.  In  many  areas  where 
continents  do  appear  to  be  exceptionally  weak,  deformation  may  have 
been  localized  on  a  detachment  surface  at  mldcrustal  depth  where  a 
combination  of  parameters  such  as  pressure,  temperature,  pore 
pressure,  and  rock  composition  have  produced  a  lew-strength  layer. 
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The  Viscosity  of  the  lowor  Hantle: 
lagWBSB  fig  W«r  Motion  Data 


Dr.  David  A.  Yuen 
Departs— t  of  Geology 
Arizona  State  University 
Tenpe,  AZ  85287 
U.S.A. 


Until  recently  nst  as tl nates  of  the  deep  nantle  viscosity 
were  based  on  analyses  of  post  glacial  uplifts  and  there  were  no 
estimates  of  the  sensitivity  of  the  derived  viscosity  solutions 
to  variations  of  the  Input  pars— tors,  such  as  those  associated 
with  the  surface  lending.  In  this  paper  the  viscosity  of  the 
lower  anntle  Is  arrived  at  by  staking  conparlsons  of  the  observed 
seeglar  notions  of  the  earth's  rotation  axis  with  theoretical 
results  free  a  layered  viscoelastic*  rotating  earth*  which  has 
been  subjected  to  glacial  forcing.  Our  nodal,  consisting  of  an 
elastic  lithosphere,  a  two-layer  viscoelastic  aantle.  and  an 
imrlsdd  cove*  is  essentially  analytical  and  this  aakes  It 
ecomarically  feasible  to  use  as  an  aid  In  conducting  an  axtansive 
sensitivity  analysis  of  the  loner  aantle  viscosity  free 
In  the  per—eters  connected  with  the  degladstlon 


On  the  basis  ef  this  type  of  Invostlgstlon.  the  viscosity  of  the 
deep  aantle  Is  that*  to  11a  hetwoon  l  and  2X10“  p.  Our  results. 


uhlch  Just  rely  on  the  second  tan— fc  ef  the  strain  field,  also 
lead  to  e  detorelnstlon  ef  an  upper  bound  to  the  thickness  ef  the 
globally  averaged  lithosphere.  This  value,  ranging  hetman  150 
and  170  ta,  saiptts  that  strong  lateral  heterogeneities  between 
oceanic  and  continental  plate*  nay  extend  at  nest  around  200  ta 
Into  the  upper  aantle. 


Stable  Granular  lints  In 
Weak  Gravitational  Fields 

M.  Shahlnpoor  and  G.  Ahmad 1 
Department  of  Mechanical  and  Industrial  Engineering 
Clarkson  Collage  of  Technology 
Potsdam.  H.Y.,  13676.  USA 


Abstract 

A  recently  developed  statiatlcal  kinetic  theory  for  rapid  flow  of 
granular  materials  and  evolution  of  field  fluctuations  [1],  [2]  has  been 
applied  to  the  problem  of  equilibrium  granular  ring  configurations  In 
weak  central  gravitational  fields.  The  derived  governing  aquations  admit 
such  solutions  to  exist  and  further  reveal  that  in  such  stable  granular 
ring  systems  particles  possess  a  mean  velocity  plus  a  random  fluctuating 
component.  The  velocity  fluctuation  field  is  created  by  continuous  ran¬ 
dom  collisions  of  particles  with  each  other  as  they  move  through. the 
gravitational  field.  The  average  mean  square  energy  associated  with 
such  random  fluctuations  Is  denoted  by  e  and  is  shown  to  be  coupled 
through  three  nonlinear  second  order  differential  equations  with  the 
bulk  density  p  and  tha  mean  tangential  velocity  V0  of  the  grains.  It 
appears  that  certain  perturbations  of  central  gravitational  fields  allow 
stable  granular  ring  configurations  to  form.  Two  specific  ring  solu¬ 
tions  are  finally  presented  and  discussed. 


1  -  Ahmed! ,  G.  and  M.  Shahlnpoor,  "A  Kinetic  Theory  for  Rapid  Granular 

Flows  and  Evolution  of  Fluctuations, "  MXB-CCT.  Granular  Materials 
Research  Laboratory.  Res.  Rsp.  Ho.  077,  March  (1982). 

2  -  Shahlnpoor,  M.  and  G.  Ahmad 1,  "Fluctuation  Equilibrium  In  Rapid 

Flow  of  Granular  Materials,"  (In  press),  (1982). 


CREEP  UNO  I  MG  OF  ROCKS 

by 


J.G.  Singh  end  P.C.  Upadhyay 
Institute  of  Technology,  Banaras  Hindu  University 
Varanasi  *  22100$,  I  NO I A 


Various  constitutive  equations,  empirical  as  wet  I  as  those  based  on  the 
mechanical  models,  have  been  proposed  in  the  literature  to  define  rock  creep 
behavior.  However,  a  fact  that  the  creep  rates  of  rock  under  tensile  and 
compressive  loadings  differ  significantly  (1-2}  has  not  received  much  attention 
as  far  as  its  possible  effect  on  the  bending  of  rock  structures  is  concerned. 
For  the  elastic  bending  of  rock  beams  (3l  and  plates  [4-5}  (without  creep)  it 
has  been  reported  that  the  inclusion  of  the  double  elastic  property  (unequal 
Young's  modulus  in  tmnsion  and  compression)  of  rocks  affects  the  bending  re¬ 
sults  signif Icently.  In  this  work  we  present  the  effect  of  double  elastic 
and  viscosity  constants  on  the  creep  bending  of  rock  beams  and  plates,  based 
on  the  Burger's  model.  The  influence  has  been  found  quite  significant.  The 
figure,  for  example,  shows,  for  different  6,  the  shifting  of  the  neutral  sur¬ 
face  (NS)  as  the  creep  progresses.  6  and  d  represent,  respectively,  the 
ratios  of  the  Young's  moduli  I  and  viscosity  constants  in  tension  and  compres¬ 
sion,  andjf  ■  ht/hc  is  the  ratio  of  the  thicknesses  of  tensile  and  compressive 
zones  on  the  two  sides  of  the  neutral  surface.  The  Initial  position  of  the 
NS  Is  governed  by  the  value  of  6,  while  its  final  (time  *  °°)  position  (shown 
dotted),  corresponding  to  pure  viscous  state.  Is  decided  by  the  value  of  $. 
During  the  intermediate  times,  MS  position  is  governed  by  a  factor  8,  which 
is  a  function  of  8,0  and  some  other  parameters  related  to  the  Burger's  model . 
This  shifting  of  the  NS,  consequently,  brings  changes  In  the  other  related 
quantities  Ilka  deflections  etc.,  which  are  discussed  in  the  paper.  Similar 
to  8  and  4,  the  influence  of  the  other  parameters  have  also  been  depicted  and 
discussed  in  detail. 

(1)  Chug,  Y.P.,  Trans.  AIME,  Vo I .256, 

pp.25»-2tt  (1974).  , 

[2]  Hewers  Ik,  W.R.  and  Brown,  V.S., 

Report  No.  UTECHE-73-197.  University  • 

of  Utah,  Salt  Lake  City.  UT  (1973).  n 

[31  Jaeger,  J.C.  a  id  Cook,  N.6.W.,  , 

"Fundamentals  of  Rock  Mechanics, " 

Chapmen  and  Hall  Ltd.,  London  (1971). 

[4]  Singh,  J.G.,  at. el..  Inti.  J.  Rock 
Mach.  Min.  Sci.,  Vol.17,  pp. 377-381 
(1980). 

[5]  Singh,  J.G.  and  P.C.  Upadhyay, 

23rd  U.S.  Symposium  on  Rock  Mechanics 
to  he  held  at  Berkeley,  CA 
(Aug.  25-27,  1982). 
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Se»»lon  TM-4;  FINITE  STRAIN  PLASTICITY 

Organizer:  J.  F.  BELL,  The  Johns  Hopkins  University 
Chairperson:  A.  S.  KHAN,  The  University  of  Oklahoma- 
Norman 


*  9:30  -  10:00  J.  F.  BELL,  The  Johns  Hopkins  University: 

"Cyclical  Loading  at  Finite  Plastic  Strain:  A 
Comparison  of  Experiment  and  Theory" 

*  10:00  -  10:30  T.  W.  HEIGHT,  Ballistic  Research  Laboratory: 

"Plastic  Waves  in  a  Circular  Cylindrical  Rod" 

10:30  -  11:00  COFFEE  BREAK 

*  11:00  -  11:30  M.  PITTERI,  Unlverslta  di  Padova,  Italy: 

"On  the  Kinematics  of  Twinning" 


*  11:30  -  12:00  K.  S.  HAVNER,  North  Carolina  State  University: 

"Interrelations  Among  Hardening  Rules,  Minima  Work, 
and  Uniqueness  in  Finite  Multiple-Slip  of  F.C.C. 
Crystals" 


I 
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CYCLICAL  LOADING  AT  FINITE  PLASTIC  STRAIN:  A  COMPARISON  OF  EXPERIMENT 
AND  THEORY  -  James  F.  Bell.  Johns  Hopkins  University,  Baltimore,  Maryland. 

The  close  correlation  between  experiment  and  a  proposed  incremental 
theory  of  finite  plastic  strain  has  been  described  previously. i»2>3  guy 
general  theory  of  plasticity  whether  for  infinitesimal  or  finite  strain 
must  include  unloading.  For  complete  generality  one  should  determine,  too, 
the  response  for  non-proportional  stress  paths  in  the  domain  of  cyclical 
loading.  The  results  given  here  are  for  suca  a  study. 

Six  types  of  two-dimensional  non- proportional  stress  paths  are  con¬ 
sidered.  including  those  of  the  experiments  made  famous  by  Taylor  and 
Quinney  in  the  1930  s.  Sufficient  repetitions  and  variations  for  each 
type  of  cyclical  stress  path  made  it  possible  to  examine  in  detail  a 
number  of  pertinent  questions  beyond  the  main  result,  wnich  was  the 
finding  that  the  writer's  incremental  theory  provides  constitutive 
relations  for  the  region  of  total  plasticity  at  finite  strain  after  a 
cyclical  stress  incursion.  Each  test  included  several  unloading  and 
reloading  intervals.  In  some  instances  total  unloading  occurred;  in 
others,  there  were  different  degrees  of  unloading.  The  history  of 
cyclical  stress  paths  ranged  from  slow  or  smooth  tinloading  and  re¬ 
loading  to  incremental  impact.  In  all  instances,  including  sudden  loads 
in  the  unloaded  domain,  subsequent  reloading  closely  followed  the  writer's 
incremental  theory  for  finite  plastic  strain.  When  the  unloading  cycle 
included  rapidly  applied  loads  there  was  a  rise  in  stress  at  the  general¬ 
ised  or  effective  stress  where  finite  strain  plasticity  recommenced  on 
reloading,  the  magnitude  of  the  outer  yield  surface  increased  but  the 
subsequent  response  was  in  as  close  a  correlation  with  the  rate  independ¬ 
ent  incremental  theory  of  finite  plastic  strain  as  in  the  initial  loading 
for  the  ism  test. 

The  experimental  aspects  of  this  study  also  included  the  role  of  the 
strain  increment  vector  at  the  outer  yield  surface  and  during  subsequent 
loading;  various  types  of  time  delay  during  the  unloading  cycle;  the 
role  of  creep;  and,  unloading  chosen  to  exmsine  in  detail  the  interest¬ 
ing  properties  of  the  outer  yield  surface  itself. 

Noting  that  the  writer's  incremental  theory  of  finite  strain  defines 
all  stress  and  strain  components  In  terms  of  the  original  imdeformed 
reference  configuration,  these  cyclical  loading  experiments  compare  the 
plastic  response  for  components  thus  defined  with  plastic  response  in 
which  stress  and  strain  components  are  referred  to  subsequent  unloading 
configurations.  Tor  the  latter,  the  observed  response  functions  are 
disordered,  la  cyclical  loading,  theory  and  experiment  correlate  only 
when  components  are  referred  to  the  original  un deformed  state,  as 
assumed  in  the  incremental  theory  of  finite  strain.  Ivan  when  the 
unloading  and  subsequent  finite  strain  Intervals  occur  as  many  as  seven 
nr  eight  times  in  an  individual  test,  this  correlation  obtains. 

(l),{2)James  F.  Bell,  "A  Physical  Basis  for  Continuum  Thaorlas  of  Finite 
Strain  Plasticity . "Archive  for  Rational  Mich,  t  Analysis.  Part  I: 

Vol. 70, pp. 321-338  (1979);  Part  II:  Vol.73,pp.  IOA-126  (19S1). 

(3)  James  F.  Bell  and  Akhtar  S.  Khan,  'Finite  Plastic  Strain  in  Annealed 
Copper  during  Non-Proportional  Loading. "  Internat 1 1  Jnl.  Solids  A 
Structures .  Tol.  16,  pp.  573-383  (1980). 
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PLASTIC  NAVES  IN  A  CIRCULAR  CYLINDRICAL  ROD 
T.  N.  Wright 

Ballistic  Research  Laboratory,  APG,  MD  21005 

Rods  are  simple  structures  that  are  o£ten  regarded  as  one-dimensional  con- 
tinua,  but  because  of  finite  transverse  dimensions,  propagating  waves  are  sub¬ 
ject  to  dispersion,  which  nay  mask  other  effects.  A  linear  theory  [1]  and  a 
nonlinear  generalization  [2]  have  been  published  to  aodel  the  dispersive  effect 
in  elastic  materials.  Sone  of  the  principal  features  of  those  theories  are  as 
follows.  There  exist  two  characteristic  wave  speeds  that  nay  carry  discontin¬ 
uities  in  acceleration  or  stress  gradients.  Nevertheless,  for  problems  of 
pulse  propagation  the  nain  effect  is  a  smooth  wave  and  is  carried  by  a  third 
speed.  The  first  two  correspond  to  bulk  speeds,  and  the  third  corresponds  to 
the  bar  speed.  Periodic  steady  waves  in  either  the  linear  or  nonlinear  case 
can  be  found,  and  solitary  steady  waves  can  be  found  in  the  nonlinear  case. 

The  rod  model  discussed  above  nay  be  viewed  as  a  one-dimensional  continuum 
theory  with  one  internal,  scalar  variable.  The  same  structure  may  be  used  to 
model  plastic  waves  in  a  rod.  That  is  to  say,  the  same  kinematic  and  stress 
variables  may  be  used  to  model  plastic  deformation  as  have  been  used  for  elas¬ 
tic  deformation.  The  increment  of  mechanical  work  done  on  an  element  of  the 
rod  may  be  written  as  follows, 

dN  >  Sdw'  ♦  Pdu  ♦  Qdu* , 

where  w<  is  axial  strain,  u  is  radial  strain,  S  is  axial  stress,  P  is  average 
radial  pressure,  and  Q  is  the  radial  moment  of  radial  shear  stress.  The  prime 
denotes  the  derivative  with  respect  to  the  axial  coordinate.  In  the  nonlinear 
elastic  case  the  stress  variables  are  Obtained  from  a  potential,  but  in  the 
plastic  case  a  yield  function  and  flow  rule  must  be  obtained  after  decomposing 
the  strains  into  elastic  and  plastic  parts.  This  can  be  done  in  a  plausible, 
though  not  in  a  rigorous  way. 

In  the  plastic  case,  as  in  the  elastic  case,  the  bar  speed  is  always  less 
than  the  fast  characteristic  speed,  but  it  turns  out  that  there  is  a  substan¬ 
tial  range  of  parameters  for  which  the  calculated  bar  speed  is  less  than  the 
slow  characteristic  speed.  Since  the  slow  speed  is  the  lower  limit  at  which 
information  can  propagate  in  the  rod,  the  very  low  calculated  bar  speed  pro¬ 
bably  indicates  a  major  change  in  the  node  of  deformation  such  as  necking  in  a 
strong  tensile  pulse  or  mushrooming  in  a  strong  compression  pulse. 

Systematic  scaling  and  expansion  procedures  are  being  developed  for  pulse 
propagation  so  that  the  structure  of  solutions  may  be  examined  more  completely. 
Some  special  solutions  will  be  discussed. 

[1]  R.  D.  Mindlin  and  G.  Herrmann,  A  One-Dimensional  Theory  of  Compressional 
Naves  in  an  Elastic  Rod,  Proc.  1st  U.S.  Nat.  Cong.  Appl.  Mech. ,  pp.  187- 
191  (1950) . 

[2]  T.  N.  Wright,  Nonlinear  Naves  in  Rods,  Proc.  TUT AM  Symp.  on  Nonlinear 
Elasticity  (Lehigh,  Aug.  1980,  to  appear).  See  also  Tech.  Rapt.  ARBRL- 
TR-02324, Ballistic  Research  Laboratory,  Aberdeen  Proving  Ground,  M), 

Nay  1981. 
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ON  THE  KHIBIATICS  OF  TWINNING 


Mario  Fitter! 

Unlveralta  dl  Padova 
Seminario  Matamatlco 
Padova,  Italia 

Moat  theories  of  twinning  are  essentially  kinematic  and 
ala  at  explaining  soae  features  of  the  phenomenon,  like  twin¬ 
ning  planes  and  twinning  directions  for  various  crystalline 
species.  Ve  outline  a  kinematic  theory  of  twinning  which  is  a 
continual  theory,  that  is,  involving  gross  quantities  like  the 
gradient  of  deformation.  On  the  other  hand,  the  aaterlal 
mfmotry  of  the  constitutive  equations  la  such  as  to  retain 
some  features  of  the  description  of  a  crystal  in  terms  of  a 
crystalline  lattice.  We  show  that  the  definition  ve  propose 
is  consistent  with  a  maker  of  twinning  nodes  in  the  cubic, 
tetragonal  and  hexagonal  classes  and  show  that,  in  a  simple 
case,  we  get  results  consistent  with  experience  from  the 
klnstmatlcs  we  propose  and  thermoelastic  equilibrium  theory. 


Interrelations  among  Hardening  Rules,  Minimum  Work,  and  Uniqueness 
in  Finite  Multiple-Slip  of  F.C.C.  Crystals* 

Kerry  S.  Havner 

Department  of  Civil  Engineering,  North  Carolina  State  University 
Raleigh,  NC  27650 


As  first  argued  in  Cl],  one  cannot  expect  hardening  rules  that  represent 
qualitative  features  of  finite  distortion  and  latent  hardening  of  single  crystals 
under  axial  load  to  uniquely  predict  experimentally-observed  response  in  mul¬ 
tiple-slip  orientations  For  double-slip  positions  of  L&c.  crystals,  the  postulate  of 
minimum  rate  of  plastic  work  (for  a  given  axial-load  rate)  introduced  in  [ll  and 
further  explored  in  [2]  resolves  the  question  of  uniqueness  for  several  plausible 
hardening  rules  (including  classical  Taylor  hardening  and  the  "simple  theory"  of 
rotation-dependent  anisotropy  first  proposed  in  [}])  in  favor  of  the  highest  sym¬ 
metry  deformation  mode,  which  seems  physically  likely.  In  higher  symmetry  posi¬ 
tions  (4,  6  or  8-fold  symmetry),  minimum  plastic  working  follows  from  loading  axis 
stability  and  axisymmetric  deformation,  but  the  converse  does  not  necessarily  hold. 
For  such  cases  an  hypothesis  of  minimum  plastic  work  to  second-order  in  nominal 
stress  increment  is  suggested  and  its  consequences  investigated  as  regards  unique¬ 
ness  for  different  hardening  rules. 


[1]  Havner,  K.  S,  A  theoretical  analysis  of  finitely  deforming  E&c.  crystals  in 
the  sixfold  symmetry  position.  Proc.  R.  Soc.  Lond.  A  378,  329-349  (198 IX 

[2]  Havner,  K.  S,  Minimum  plastic  work  selects  the  highest  symmetry  deformation 
in  axially-loaded  txjc.  crystals.  Mech.  Materials  1,  15  pp.  (1982,  in  press). 

[3]  Havner,  K.  S.  and  Shalaby,  A.  H,  A  simple  mathematical  theory  of  finite  dis- 

tortional  latent  hardening  in  single  crystals,  Proc.  R.  Soc.  Lend.  A  385,  47-70 
(1977).  ~ 


♦This  work  was  supported  in  part  by  the  U.  S.  National  Science  Foundation,  Solid 
Mechanics  Program,  through  Grant  MEA-7S0S154. 
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FOUNDATIONS  OF  THE  USE  OF  COMPLETE  SYSTEMS  OF  SOLUTIONS 


Ismael  Herrera 

Unlvaraidad  Mac  Iona I  Autonoma  da  Mexico 
IIMAS  -  D.  F.  Mexico 


There  are  two  main  approaches  for  the  formulation  of 
boundary  act ho da;  one  ia  baaed  on  boundary  integral  equations 
and  the  other  one,  on  the  uae  of  complete  systems  of 
solutions.  The  author  has  given  extensive  descriptions  of 
the  latter  methods  [1-3].  Their  theoretical  foundations 
embrace  the  following  aspects:  a)  Approximating  procedures 
and  conditions  for  their  convergence;  b)  Formulation  of 
variational  principles;  and  c)  Development  of  complete 
systems  of  solutions.  Here,  a  general  exposition  of  those 
foundations  ia  given.  Among  the  procedure  included  are  the 
null  field  and  the  source  methods. 

Eafarencea 


1.  I.  Herrera,  "Boundary  Methods  for  Fluids”,  in  Finite 

Kleamnts  in  Fluids  Vol.  IT,  E.H.  Gallagher,  at  al., 
ads.,  John  Wiley  6  Sons,  1982. 

2.  I.  Herrera,  "An  Algebraic  Theory  of  Boundary  Value 

Problems".  KINAM,  Vol.  3,  No.  2,  1981,  pp.  161-230. 

3.  I.  Herrera,  "Mathematical  Foundations  for  the  Use  of 

Complete  Systems  of  Solutions",  in  Fundamentals  of 
Boundary  Elements,  Vol.  3,  C.A.  Brebbis,  ad., 
Pentech  Press,  1982.  (In  press) 
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APPLICATION  OF  THE  EXTRAPOLATION  METHOD 
Ulrich  Heise 

Technische  Hochschule,  5100  Aachen,  H.  Germany 

Historical  results  of  the  boundary  Integral  equation  method  are  extra¬ 
polated.  However,  this  paper  could  be  Interesting  also  for  users  of  other 
methods  (e.g.  for  users  of  tue  finite  element  method)  since  in  principle 
extrapolations  are  applicable  whenever  results  depend  on  a  step  size. 

For  mater  leal  treatment  of  Integral  equations  the  boundary  is  usually 
divided  into  elements  and  the  sought  function  is  approximated  by  a  linear 
combination  of  given  functions  over  each  element.  The  coefficients  of 
the  coa&lnation  are  determined  e.g.  by  collocation.  To  Improve  the 
accuracy  of  the  results,  either  the  maker  of  elements  or  the  degree  of 
interpolation  can  be  Increased.  The  extrapolation  method  considered 
here  is  capable  of  yielding  extremely  accurate  results  with  a  relatively 
small  number  of  elements  and  a  low  degrea  of  interpolating  functions. 

Its  principle  consists  'f  solving  the  problem  in  question  not  only  once 
but  m  times  with  diff^r^tlv  fine  divisions  of  the  boundary  into 
elesMnta  and  of  combining  the  m  solutions  in  a  suitable  manner. 

The  knowledge  of  the  function."  f  (h)  occurring  in  the  asymptotic 
expansion  of  the  error  c(h)  represents  a  presupposition  for  application 
of  the  .extrapolation  method l 

e(ht)-  o(h1)-o*-a1f1(h1)+a2f2(h1)+...4mw_1fl(_1(hi)-H^(h1) 

where  o  is  the  numerical  solution.  It  depends  on  the  length  h.(l-l£..m) 
of  the  elements  of  the  1-th  discretisation,  o*  is  the  corresponding 
exact  solution. 

Neglecting  the  error  term  1(h)  of  higher  order  one  obtains  a  system 
of  n  algebraic  equations  for  calculation  of  an  "extrapolated  value**  a* 
and  of  approximations  a^  for  the  coefficients  e^j 

m-1 

o*  +  E  if. <h  )  -  o(b,  ) 

r-1  r  r  1  1 

Usually**  la  much  more  accurate  than  the  bast  one  of  the  values  o(h  ) 
directly  calculated  with  the  aid  of  the  boundary  Integral  equation 
method. 

For  extrapolation  of  numerical  values  it  is  necessary  that  the 
unknown  exact  solution  is  unique.  However,  the  operator  of  one 
important  type  of  Integral  equations  has  isolated  saro  eigenvalues, 
l.e.  arbitrary  linear  combinations  of  the  corresponding  eigenfunctions 
are  superimposed  on  the  solution.  It  is  shown  by  an  example  how  unique¬ 
ness  can  be  enforced.  Certein  eigenfunctions  of  the  adjoint  operator 
are  added  to  the  kernel.  These  can  be  interpreted  mechanically  as 
layers  of  edge  dislocations. 

U.  Raise,  Removal  of  the  sero  eigenvalues  of  Integral  operators  in 
elaetostatic  botmdary  value  problems,  Acta  Mechanlca  Al  (1981), 

41-81. 
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GOMZALO  ALDUNCIN 

Division  da  Eatudioa  da  Posgrado 
da  la  Facultad  da  Xngenieria. 
Univaraldad  Nacional  Autdnoma 
da  Mtxico.  04S10  Mexico,  D.P. 
MEXICO 


ABSTRACT. 

This  talk  is  davotad  to  explain  tha  application  of 
boundary  methods,  foraulatad  via  approximations  of  complats 
sya tarns  of  solutions,  to  contact  problems  or,  in  ganaral, 
to  problems  with  unilateral  constraints  on  the  boundary, 
examples  from  alastostatics  and  haat  conduction  theory  are 
presented. 
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BOUNDARY  METHODS  IN  SCATTERING  OF  ELASTIC  HAVES 

by  ? 

Francisco  J.  Sdnchez-Sesma  | 

Instituto  da  Ingenierfa,  Universidad  Nacional  Autdnoaa  da  Mtxico  j 

Cd.  Universitaria,  Apdo.  70-472,  MCxico,  D.F.,  CoyoacCn  04510,  MCxico  | 

ABSTRACT 

A  brief  review  ia  praaantad  of  boundary  net ho da  in  alastodynanics  in 
connection  with  problem  of  scattering  of  elastic  waves.  A  boundary  aethod 
baaed  on  the  use  of  ceaplete  system  of  solutions  is  discussed,  as  an 
alternative  to  boundary  integral  equations.  The  aethod  has  been  applied 
with  success  to  problem  of  scattering  of  hsruonic  SH  vavea  (1,2).  Here  j 

an  extension  is  made  to  treat  the  scattering  of  elastic  7,  SV  and  Rayleigh 
waves  by  irregularities  on  the  surface  of  an  elaatic  half-space.  Such  i 

irregularities  are  of  the  types  shown  in  figure  1.  Sone  numerical  results  > 

are  given.  They  ere  coupared  with  those  obtained  by  Hong  (3)  who  uses  a 
boundary  aethod  which  eaploys  solutions  for  line  sources.  Sone  possible 
applications  in  earthquake  engineering  and  engineering  seisaology  are 
discussed. 

*  REFERENCES  ■ 

1.  England,  I.,  Sabina,  F.  J.,  and  Herrera,  I.,  "Scattering  of  SH  woven 

by  surface  cavities  of  arbitrary  shape  using  boundary  mtbods", 

PtufUc*  o{  tkt  Eatth  and  VlaitUvuf  lattMou,  21  (1980)  148-157. 

2.  SCnchec-Sesaa,  F.J.,  Herrera,  I. ,  and  AvilCs,  J.,  "A  boundary  aethod 

for  elastic  wave  diffraction.-  Application  to  scattering  of  SH  waves  '■ 

by  surface  irregularities" ,  tuUMUn  Oi  tkt  SvUmotoyleat  SocUty  o{  9 

hmVOjUt,  72  (1982)  473-490.  } 

3.  Hong,  H.  L.  "Diffraction  of  F,  SV,  and  Rayleigh  waves  by  surface  , 

topographies".  University  of  Southern  California,  Report  Ho.  CE79-OS,  j 

(1979).  f 
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DIFFRACTION  OF  P.SV,  AND  RAYLEIGH  WAVES  BY  TWO  ALLUVIAL 
VALLEYS  OF  ARBITRARY  SHAPE 

Marljan  Dravlnskl 

Department  of  Mechanical  Engineering 
University  of  Southern  California,  Los  Angeles 


Plane  strain  model  for  diffraction  of  harmonic  waves 
by  two  alluvial  valleys  of  arbitrary  shape  Is  Investigated 
by  using  a  boundary  Integral  method.  Perfect  bonding 
between  the  valleys  and  the  half-space  Is  assumed.  Dis¬ 
placement  field  Is  evaluated  through-out  the  media  for 
linearly  elastic,  homogeneous  and  Isotropic  materials  so 
that  the  continuity  conditions  between  the  valleys  and  the 
half-space  are  satisfied  In  mean  square-sense. 

Nunerlcal  results  are  presented  for  two  semi -elliptical 
valleys  for  Incident  P.SV,  and  Rayleigh  waves  for  different 
angles  of  incidence  (P  and  SV-waves).  It  1$  shown  that  the 
surface  motion  depends  very  much  upon  the  angle  of  Incidence 
and  the  type  of  Incoming  wave.  Maximum  surface  motion  Is 
observed  atop  the  valley  which  Is  In  “shade*  of  the  other 
valley  relative  to  direction  of  the  incident  wave.  Com¬ 
parison  with  the  single  valley  models  indicate  that  the 
presence  of  the  additional  valley  changed  significantly 
the  surface  response  atop  each  of  the  valley*  This  is  a 
different  result  when  compared  with  the  one  for  the  anti- 
plane  strain  model,  where  “Illuminated*  valley  detected  very 
little  the  presence  of  additional  valley. 
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COMPRESSION  INDUCED  CRACK  KINKING  AMD  CURVING 
WITH  APPLICATION  TO  SPLITTING,  EXFOLIATION,  AMD  ROCXBURST* 


S.  Htait'Nunr  and  H.  Hortl 

Department  of  Civil  Engineering 
The  Technological  Institute 
Northwestern  University 
Evans too,  Illinois  60201 


ABSTRACT 

Kinked  end  curved  extension  of  e  pre-existing  crack  induced  by 
compression  in  linearly  elastic  brittle  solids  is  analyzed,  and  it 
is  shown  that,  dtrending  on  the  orientation  of  the  pre-existing  crack 
and  on  the  friction  factor,  kinking  occurs  for  a  wide  range  of  pre¬ 
existing  crack  orientations  at  an  angle  close  to  70°  from  the  direc¬ 
tion  of  the  pre-existing  crack,  and  curves  and  grows  parallel  to  the 
direction  of  the  sMxlaum  compression.  The  growth  process  is  stable 
Initially,  but  the  rate  of  increase  of  kink  length  with  respect  to 
the  increasing  axial  compression  dramatically  increases  after  a  cer¬ 
tain  kink  length  is  attained,  and,  in  fact,  the  kink  length  becomes 
unbounded,  if  a  small  lateral  tension  also  exists.  Various  limiting 
cases  are  examined,  and  the  corresponding  analytical  estimates  are 
compared  with  the  numerical  results,  arriving  at  good  correlations. 

A  series  of  <(ueliestive  experiments  ere  performed  on  glass  plates  ar. d 
thin  plates  of  Colv^bla  resin  CR  39,  arriving  at  excellent  agreement 
with  the  analytical  results.  In  light  of  the  analysis,  the  phenomena 
of  axial  splitting,  exfoliation  (or  sheet  frecture),  and  rockburst 
are  examined,  end  it  la  shown  that  they  nay  all  be  the  results  of 
kinked  curved  tensile  crack  extension  induced  by  great  compression. 
This  assertion  Is  than  supported  by  e  eerlee  of  experiments  which 
show  that  compression  Induced  tension  cracks  team  to  have  no  tendency 
to  move  toward  the  free  surface,  but  rather  they  extend  mors  or  less 
parallel  to  the  free  boundary,  in  tha  direction  of  naxlnom  compres¬ 
sion.  Possible  lateral  buckling  which  nay  result,  and  which  nay 
cause  further  unstable  crack  extension,  is  illustrated  experimentally 
and  discussed  in  an  affort  to  ahed  light  on  tha  phenomena  of  rock- 
burst  and  surface  spallation. 


*Thla  work  has  been  supported  by  the  U.S.  Air  Force  Office  of  Scien¬ 
tific  Research,  Grant  Mo.  AF 081-80-0017  to  Northwestern  University. 


Crack  problems  in  viscoelasticity  theory 
G.JUC.  Qrahem 

Mathematics,  Stem  Fraser  university,  Burnaby,  B.C. ,  Canada  V5A  1S6 


To  a  degree  greater  than  their  elastic  counterparts,  viscoelastic 
boundary  value  problems  for  cracked  bodies  are  subject  to  difficulties 
arising  from  the  unilateral  nature  of  the  boundary  conditions  that 
should  be  satisfied  over  the  creek  faces.  For  a  crack  of  constant 
length  in  a  body  loaded  in  tenaion/caapreasion  perpendicular  to  the 
plana  of  the  crack  (11  or  subjact  to  an  alternating  field  of  pure 
handing  (21  analyeea  of  at  least  tbs  initial  phase  of  tbs  notion  have 
bean  ends.  In  the  former  case  n  quite  comprehensive  treatment  including 
s  etaady  state  solution  has  been  gives  for  a  standard  linear  solid  (31. 
For  e  ftterial  whose  relaxation  functions  vanish  sc  infinity  (e.g.  a 
mucwell  body)  steady  state  solutions  to  the  problems  described  in  (11 
12]  any  be  obtained  from  s  direct  analysis  (41 .  All  these  solutions 
involve  stress  intensity  factors  that  can  change  sign  and  crack 
opening  whan  its  elastic  analogue  would  be  closed.  The  problaa 
described  in  (1]  is  in  some  ways  kinglet  in  the  context  of  e  crack 
that  grave  whenever  it  is  entirely  open  [51 :  in  that  case  the  crack 
ia  open  or  rinsed  depending  on  whether  the  body  is  in  tension  or 
coopressian  and  the  stress  intensity  factor  does  not  haoona  negative . 

(11  G.A.C.  Graham,  Stresses  and  displacements  ia  creekad  linear 
viscoelastic  bodies  that  are  acted  upon  by  alternating  tensile 
and  nrmpeesaive  loads,  Xnt.  3.  fitgng.  Set.  14  (1*74) ,  1135-1142. 

(21  G.A.C.  Graham,  viaocmlastic  crack  in  a  field  of  pure  beading. 

[31  Q.A.C.  Graham  and  O.C.M.  Sabin,  Standy  stats  solutions  for  a 
cracked  standard  linear  viscoelastic  body,  Mechanics  Research 
Ooamuni cations,  »  (1981),  361-368. 

[41  G.A.C.  Graham  and  k.  Poem  1  non,  Periodic  solutions  of  viscoelastic 
boundary  value  problaaa. 

[5]  G.A.C.  Graham  and  g.C.m.  Sabin,  The  opening  and  dosing  of  e 
growing  crack  in  s  linger  viscoelastic  body  that  is  subjact  to 
alternating  tonsils  and  compressive  loads,  1st.  Joura.  of 
Fracture  14  (1978),  639-649. 
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THE  PENNY-SHAPED  INTERFACE  CRACK  WITH  HEAT  FLOW: 
IMPERFECT  CONTACT  CASE 


Maria  Comninou 

Department  of  Civil  Engineering 
J.  R.  Barber 

Department  of  Mechanical  Engineering  &  Applied  Mechanics 

University  of  Michigan 
Ann  Arbor,  Ml  481.09 


A  solution  is  given  for  the  thermal  stresses  due  to  a  penny- 
shaped  crack  at  the  interface  between  dissimilar  materials  loaded  in 
tension,  for  the  case  where  the  heat  flux  Is  into  the  material  with 
the  lower  distortivity.  Regions  of  separation,  imperfect  contact  and 
perfect  contact  are  developed  at  the  crack  plane.  A  harmonic 
potential  function  representation  Is  used  to  reduce  the  problem  to  a 
four  part  boundary  value  problem  which  is  formulated  at  a  set  of 
simultaneous  Abel  integral  equations  using  the  method  of  Green  and 
Collins.  These  equations  are  further  reduced  to  a  single  Fredholm 
equation  which  Is  solved  numerically.  Interface  tractions  and 
stress  functions  are  presented  for  representative  cases. 

The  effect  of  heat  flow  is  profoundly  influenced  by  the  relative 
signs  of  Dundurs  constant  6  and  a  constant  y  describing  the  mismatch 
of  distort ivities.  If  the  more  distortlve  material  is  also  the  more 
rigid,  the  contact  region  of  the  crack  face  is  increased  by  heat  flow. 
Otherwise  it  is  reduced. 


A  FINITE  ELEMENT  ANALYSIS  OF  CRACK 
PROBLEMS  INVOLVING  CLOSURE 

Noboru  Kikuchi 

Department  of  Mechanical  Engineering  and  Applied  Mechanics 
The  University  of  Michigan 
Ann  Arbor,  Ml  48103 

Although  there  are  rather  complete  studies  of  crack  problems  In¬ 
volving  unilateral  contact,  few  attempts  have  been  made  to  solve  the 
problem  using  finite  element  methods.  One  of  the  difficulties  in  the 
process  of  finite  element  approximations  Is  the  well-known  singular 
behavior  of  the  stress  around  the  crack  tip.  In  this  article,  a  mesh 
optimization  approach  is  usmd  to  Improve  the  quality  of  the  finite 
element, approximation  instead  of  the  Introduction  of  a  "singular 
element"  around  the  tip.  Another  feature  of  the  present  study  is  the 
unilateral  nature  of  cracks.  For  the  opening  cese,  the  problem  be cones 
a  usual  crack  problem.  However,  If  the  closing  case  Is  Inctuded,  a 
contact  problem  with  friction  must  be  solved.  Two  approaches  are  used 
In  considering  the  unilateral  contact.  The  first  Is  essentially  the 
penelizatlon  -  regular I zat Ion  method  combining  Incremental  analysis  and 
Is  popular  In  tha  area  of  finite  element  methods.  The  second  approach 
is  a  method  combining  the  classical  and  finite  element  analyses.  The 
local  nature  of  the  contact  Is  considered  by  the  existing  analytical 
solutions  whereas  the  ramelnlng  pert  of  the  problem  is  taken  care  of 
by  finite  eiaeent  methods.  Comparison  of  tha  two  approaches  is  discussed 
for  several  problems. 


A  SEMI- INFINITE  PLANE  CRACK  ON  A 
BIMATERIAL  INTERFACE 

K.  P.  Meade  and  L.  M.  Keer 
Department  of  Civil  Engineering 
Northwestern  University 
Evanston,  Illinois  60201 

The  problem  of  a  pair  of  point  loads  applied  to  the  faces  of  a  semi- 
infinite  plane  crack  on  a  bimaterial  interface  is  considered.  The  vector¬ 
ial  representation  of  Trefftz  for  the  displacement  vector  is  used  in  the 
formulation. 

The  first  step  in  the  solution  is  to  consider  the  elastic  equilibrium 
of  a  half-space  where  part  of  the  surface  is  fixed  and  on  the  remaining 
part  a  normal  point  force  Is  applied.  A  straight  line  divides  the  two  re¬ 
gions.  This  represents  a  limiting  case  for  the  title  problem  where  one  of 
the  materials  is  rigid.  The  solution  is  obtained  through  the  use  of  inte¬ 
gral  transforms  which  must  be  Inverted  numerically.  Stress-intensity 
factors  as  well  as  level  curves  for  the  stresses  on  the  fixed  portion  of 
the  boundary  are  obtained. 

This  procedure  is  extended  to  the  case  where  normal  point  forces  are 
applied  to  the  faces  of  a  semi-infinite  plane  crack  on  a  bimaterial  inter¬ 
face  and  similar  quantities  are  evaluated.  The  case  of  applied  shear 
forces  is  also  discussed. 
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Session  TM-7:  PgUtgCS  OF  COMPOSITE  MATERIALS 


Organiser:  T.C.T.  TING,  University  of  Illinois  at  Chicago 

Circle 

Chairperson:  P.G.  HANSEN,  University  of  Mlssouri-Rolla 
Co-Chairperson:  T.  MURA,  Northwestern  University 

*  9:30  -  10:00  L,  E.  MALVERN,  R.  L.  SIERAK0HSK1,  C.  A.  ROSS,  C.  T.  80), 

H.  U.  DODDINGTON  and  S.  K.  CHATURVEDI ,  University  of 
Florids-Gelnesvllle" 

"Ballistic  Inpact  Damage  in  Fiber-Reinforced  Composite 
Laninates" 


*  10:00  -  10:30  J.  R.  BESSY,  Virginia  Folytechnic  Institute  and  State 

University: 

"Forced  Motions  of  Anisotropic  Composite  Plates" 

10:30  -  11:00  COFFEE  BREAK 

*  11:00  -  11:30  C.T,  SUN,  Purdue  University  -  Vest  Lafayette: 

"On  Modeling  Impact  Response  and  Damage  in  Composite 
Laminates” 


*  11:30  -  12:00  T.C.T.  TING,  University  of  1 11  leads  at  Chicago  Circle: 

"Higher  Order  Asymptotic  Solution  for  Have  Propagation 
la  Clastic  Layered  Composites" 

*  12:00  -  12:30  D.  F.  UPDIKE  and -A.  KALNIHS,  Lehl«h  University: 

"Application  of  Composite  Shell  Analysis  to  Mechanics 
of  Tonometry  of  the  Eye" 
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BALLISTIC  IMPACT  DAMAGE  IS  FIBER-REINFORCED  COMPOSITE  LAMINATES 


L.  E.  Malvern.  R.  L.  Slerskowski.  C.  A.  Roaa.  C.  T.  Sun, 
R.  V.  Ooddlngton  and  S.  K.  Chaturvedi 
Engineering  Seleneca  Depertaent 
Vnlvera ity  of  Florida,  Galnaavllle,  PL  32611 


Abstract 


Ballistic  lap act  experlaenta  on  glasa/epoxy  1  sal  nates  have 
revealed  chat  a  sequential  delaal nation  aechanisa.  initiated  by  a 
generator  atrip  cut  out  of  the  first  lapacted  laalna,  is  a 
significant  factor  in  energy  absorption  at  subperforation 
speeds.  A  linear  relationship  was  found  between  lapactor  kinetic 
energy  and  total  delaad nation  area  (above  a  threshold  speed). 
Effects  of  variations  in  lapactor  length,  aaas  and  nose  shape  end 
of  laalaate  stacking  sequence  have  been  investigated.  Details  of 
the  transient  deforaatlon  wave  and  of  the  generator  strip  and 
delaal nation  crack  propagation  have  been  recorded  by  high-speed 
photography  and  by  strain  gages  and  other  sensors. 

Previous  results  are  reviewed,  and  recent  results  obtained 
with  an  eight-channel  transient  recording  systea  are  presented. 
The  residual  or  retained  strength  and  stiffness  of  l^act-daasged 
plates  has  also  been  studied  in  static  three-point  bend  tests. 

The  Investigation  has  recently  been  extended  to  other  aaterlala 
(graphite/ epoxy  and  Kevlar/epoxy) .  Qualitative  differences  were 
observed  between  the  effects  of  laalnete  stacking  sequence  in  the 
graphlte/epoxy  and  glaas/epexy  plates  for  the  0V90*  leal  nates 
prepared  froa  unidirectional  prepreg  tapes  and  cured  in  an 
autoclave. 
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FORCED  NOTIONS  OF  ANISOTROPIC  COMPOSITE  PLATES1 


J.  N.  Reddy 

professor,  Department  of  Engineering  Science  and  Mechanics 
Virginia  Polytechnic  Institute  and  State  University 
Blacksburg,  VA  24061 


ABSTRACT 

A  shear .flexible  finite  element  is  employed  to  Investigate  the 
transient  response  of  layered  composite  plates1.  The  element  is  based 
on  the  egudtlens  governing  the  heterogeneous  laminated  plate  theory  that 
accounts  for  the  transverse  sheer  strains  and  large  rotations  (In  the 
von  Karmen  sense).  The  cleaed-fom  solutions  to  the  tinner  theory  are 
shorn  to  exist  for  tme  different  lamination  schemes  under  appropriate 
boundary  conditions,  and  sliwooldai  distribution  of  the  transverse 
load.  The  closed.ferm  solutions  are  presented  In  the  fens  of  ordinary 
differential  agitations  In  time,  and  the  ordinary  differential  equation 
are  Integrated  using  the  Naum  art  direct  Integration  method.  Mmerlcal 
results  for  deflections  and  stresees  are  presented  shooing  the  effect  of 
plate  stde-te. thickness  ratio,  aepect  retie,  material  orthotropy,  and 
lamination  scheme.  The  results  presented  herein  should  be  of  interest 
to  composite. structure  designers,  end  to  experimentalists  and  numerical 
analysts  In  verifying  their  results. 

Rtferenco 

1.  Daddy,  J.  N. ,  "On  the  solutions  to  forced  motions  of  rectangular 
composite  plates,"  Report  No.  VP1-E-81-24,  Department  of  Engineering 
Science  and  NKhanlcs,  VPI  A  SU,  Blacksburg,  Va. 


fTh1s  Investigation  la  supported  by  the  Structural  NKhanlcs  Program  of 
ths  Air  Foree  Office  of  Scientific  Research  (AFOSR)  through  Brunt  AFOSR. 
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ON  MODELING  IMPACT  RESPONSE  AND  DAMAGE  IN  COMPOSITE  LAMINATES 

C.  T.  Sun 

School  of  Aeronautics  and  Astronautics 
Purdue  University 
West  Lafayette,  IN  47907 

Abstract 

When  a  composite  laminate  Is  subjected  to  Impact  of  a  hard  object, 
stress  waves  and  damage  are  produced  In  the  laminate.  In  general,  the 
energy  Imparted  from  the  object  to  the  target  laminate  Is  absorbed  In 
two  forms,  l.e. ,  the  vibration  energy  stored  In  the  laminate  and  energy 
dissipated  at  the  failure  cites.  The  latter  Is  responsible  for  the  so- 
called  Impact  damage  which  causes  reduction  In  strength  and  fatigue  life 
of  Impacted  coaposlte.  The  separation  of  the  two  forms  of  energy  Is  an 
Important  step  In  quantifying  Impact  damage. 

In  this  paper,  a  complete  procedure  for  modeling  the  Impact  phenom¬ 
enon  Is  presented.  A  static  Indentation  test  was  used  to  establish  the 
contact  law  for  a  spherical  object  and  a  graphite/epoxy  laminated  com¬ 
posite.  The  contact  law  consists  of  loading  and  unloading  parts.  For 
loading  we  have 


where  F  Is  the  contact  force,  k  Is  a  contact  rigidity  coefficient  and  a 
Is  the  Indentation.  The  unloading  curve  Is  given  by 
r  .  t  /  »*•«  \ 2.5 


where  F-  Is  the  contact  force  at  which  unloading  begins,  a.  Is  the 
Indentation  corresponding  to  F„,  and  oq  Is  the  permanent  Indentation. 


The  measured  contact  law  was  then  Incorporated  Into  a  plate  finite 
element  program  for  computing  the  contact  farce  history,  the  dynamic 
response  of  the  laminate  ahd  the  energy  dissipated  during  Impact.  Ex¬ 
periments  were  conducted  to  measure  the  contact  force  and  the  dynamic 
strain  responses  at  various  locations  on  the  laminate.  The  experimental 
results  were  found  to  agree  with  the  finite  element  solutions. 


Included  In  this  paper  are  experimental  results  far  residual 
strength  and  fatlgua  Ufa  of  the  laminate  after  Impact.  The  reduction 
In  strength  and  fatigue  life  was  correlated  with  a  plastic  energy  result¬ 
ing  from  Impact. 
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HIGHER  order  asymptotic  solution  for  wave  propagation 

IN  ELASTIC  LAYERED  COMPOSITES 


T.  C.  T.  Ting 

Department  of  Materials  Engineering 
University  of  Illinois  at  Chicago  Circle 
Chicago.  Illinois  606R0 


Nave  propagation  normal  to  the  layering  of  a  seal -infinite 
elastic  composite  which  occupies  the  apace  a  >  0  is  studies.  Each 
unit  cell  of  the  coaposite  consists  of  two  layers  of  linear,  mot 
necessarily  isotropic,  elastic  eaterials .  The  stress  response  at 
the  N  cells  distance  froa  x  ■  0  is  obtained  by  an  asymptotic 
analysis.  By  coopering  the  oae-tera,  tso>t*n  aad  three -tern  gesyop- 
totic  solutions,  we  obtain  the  values  of  N  for  which  each  asyap- 
totic  solution  aey  he  considered  as  a  reasonable  epprraiaare  solution. 
Finally,  we  apply  the  three- tore  asyaptetic  solution  to  N  «  5  aad 
coapare  the  result  with  the  exact  solution  obtained  by  the  ray  theory. 
Good  agreement  is  obtained  even  for  this  seal  1  value  of  X. 


A  .ft.  Bun  sell,  C.  Bet  hi  as,  A.  Nutreachar,  D.  Menkes  aad  G. 

pp  707-71*.  mo. 


application  op  soira*m  wacx  mtvnu 
TO  nwmwcs  OP  TtMM 
or  nt  ra 


Toaoaetrcy  of  thisqv  la  aaalysod  flea  aa  uetdaoewNl  pndut^^ 

pressure^ uolnip>au*laecMa«ec  which  daaa  a at  paaoerdta  aha  ayah  all.  la 
toaoaetry,  tbs  dntetainetlon  of  the  intraocular  praaoura^lw  Vised  aa 

between  the  aaaaaeat  ferceo  aad  defesaatkoae,  Whan  the  tunuOeter  ia 
applied  ca  the  aye  ia  oaplalwad  aa  the  baata  of  she  theory  of  caapootta 
aha  11a.  Application  of  ehell  theory  to  seat  af  the  baaic  typae  of 
t  annas  ters  la  diacwnaad.  Particular  caphaaia  la  placed  oa  the  aoch> 
anica  of  the  problea  of  the  flat  teeing  of  an  inflated  apherlcal  phell 
and  ita  ralatlonablp  to  the  oparacioo  of  a  Mousy  Mtag  tsaaaatar. 
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Session  m-8:  EXPERIMENTAL  ASPECTS  OF  CONSTITUTIVE 
H3DELLINC 


9:30 

10:00 

10:30 

11:00 

11:30 

12:00 

12:15 


Organizer:  R.  P.  BRINSON,  Virginia  Polytechnic  Institute 
and  State  University 

Chairperson:  t.  A.  SCRAP ERY ,  Texas  A  4  M  University 

Co-Chairperson:  0.  C.  CHANG,  General  Motors  Research  Lab 

10:00  D.  R.  ALLEN,  W.  E.  RAISER  and  W.  L.  BRADLEY,  Texas 
A  4  M  University: 

"Experimental  and  Analytical  Correlation  of  Several 
Rate  Dependent  Thermomechanical  Constitutive  Equations 
at  Elevated  Temperature" 

10:30  D.  A.  DILLARD,  University  of  Mlssourl-Rolla  and 

H.  F.  BRINSON,  Virginia  Polytechnic  Institute  and 
State  University: 

"Experimental  Aspects  of  a  Nonlinear  Viscoelastic 
Model  for  Crephite/Epoxy  Laminates" 

11:00  COFFEE  BREAK 

11:30  T.  NICHOLAS,  Wright-Pat teraon  Air  Force  Base: 
"Constitutive  Modeling  of  Engine  Materials" 

12:00  E.  XXEMPL,  Rensselaer  Polytechnic  Institute: 
"Viscoplasticity.  Theory  and  Experiment." 

12:15  Z.  REIGEHG  and  W.  MIAN  BA,  Academia  Slnlca,  China: 

"The  Relationship  Between  Loading  late  and  the 
Comp resalve  end  Tensile  Strength  of  Granite  Specimens" 

12:30  Y.  E.  HAS  SAN,  Ontario  Research  Foundation,  Canada  and 
K.  E.  MACH  IN,  University  of  New  Brunswick,  Canada: 
"Dynamic  Stress  Concentration  in  Plates  Subjected  to 
Blaxiel  Impact" 


12:30  -  2:00  LURCH  BREAK 


Experimental  and  Analytical  Correlation  of 
Several  Hate  Dependent  Thenaoanchanical 
Constitutive  Equations  at  Elevated  Temperature 


David  N.  Allen 
Assistant  Prefesor 
Aerospace  Engineer Ins 

Walter  E.  Mal&er 
Professor 

Aerospace  Engineering 

Walter  L.  Bradley 
Professor 

Mechanical  Engineering 

Texes  AIM  University 
College  Station.  TX  77843 


Daring  the  pest  decade,  considerable  research  has  bean  Initiated  to 
quantify  analytically  the  precise  there— thsnlcjl  constitution  of  crystal¬ 
line  Metals  at  high  temperature.  Medals  currently  nader  irmtigatioa  In¬ 
clude  the  al crepbeneaenelaglcel ly  baaed  model  pr— sad  by  tries .  at  el.  [1]. 
the  eealloeer  vlaoaelastlclta  theory  prepend  by  Wetbar  [2],  and  the  clas¬ 
sical  plasticity  Cheery  by  Alien  end  Halslor  (3].  These  models  are  similar 
In  that  each  Is  formulated  using  tue  internal  state  variables  representing 
the  dlsleeatlen  density  and  OHlocstiou  erven g—nt.  They  differ  consider¬ 
ably  in  the  growth  lea  far  each  ef  these  Interne)  state  variables.  There¬ 
fore.  a  controlled  expert  mental  praf—  is  vnderwny  to  determine  the  accur¬ 
acy  of  these  theories.  In  this  ne  earth  these  three  models  will  be  compered 
analytically  to  omperlnaail  reaults  attained  at  Tames  A  t  M  University. 
Uniaxial  tars  of  Unite  limy  t  will  be  imbjartsd  ta  the  law  cycle  tansile- 
ca— estiva  Itaditp  at  cans  tent  tamper  atvr  si  ef  8BB*F  and  KOP*F.  The 
enmperetiva  results  will  lend  ta  siseismaaSi  Tar  fatmrs  tsprauanants  ef  the 
current  medals. 
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Internal  Variable  Model  far  Hate  tapes  dent 
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Experimental  Aspects  of  a 
Nonlinear  viscoelastic  Ktdel  for 
6raph1te/EpOty  Laminates 


D.  A.  Dillard 

Engineering  Mechanics  Department 
Uilverslty  of  Missouri -(toll a 
Roll  a,  Missouri 

H.  F.  frlnson 

Engineering  Science  and  Mechanics  Department 
Virginia  Polytechnic  tistltute 
Blacksburg,  Virginia 

A  discussion  Indicating  laminated  fiber -rein  forced  composite  materials 
are  finding  numerous  applications  In  a  variety  of  fields  as  designers  strive 
for  lightweight  structural  components  Is  given.  Associated  with  this  Inc¬ 
reased  usage.  Is  a  growing  concern  over  the  long  term  structural  Integrity  of 
coeposlte  systems.  Although  the  fiber  reinforcement  may  exhibit  minimal  time 
dependent  response,  the  currently  used  polymeric  matrix  systems  do  exhibit 
substantial  viscoelastic  behavior.  Biese  time  dependent  processes  are  greatly 
accelerated  by  elevated  temperatures,  absorbed  moisture,  and  higher  stress 
levels.  To  ensure  long  term  structural  Integrity  of  these  material  systems, 
accelerated  characterization  procedures  are  needed  to  allow  the  designer  to 
predict  the  long  term  behavior  of  a  general  laminate  based  on  a  minimal  amount 
of  short  term  tests  [1,  2].  A  numerical  procedure  Is  currently  being  devel¬ 
oped  to  predict  the  response  of  a  general  laminate  based  on  short  term  tests 
on  the  unidirectional  material  [3]. 

A  nonlinear  viscoelastic  model  based  on  the  Findley  procedure  [4]  has 
been  used  to  accurately  represent  the  creep  of  several  graphite/epoxy  com¬ 
posites.  Applying  this  approach  to  unidirectional  0*.  90"  and  10"  off-axis 
tensile  specimens,  the  viscoelastic  response  of  a  lamina  can  be  characterized. 
The  resulting  lamina  model  has  been  useful  for  representing  the  behavior  of  a 
lamina  In  a  numerical  procedure  to  predict  creep  and  delayed  failures  of  gen¬ 
eral  laminates.  Also,  Independently,  the  Findley  procedure  has  been  used  to 
characterize  the  nonlinear  viscoelastic  behavior  of  general  laminates. 

References: 
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a  Uiidlrectlonal  S*aph1te/Epoxy  Composite,"  ASTM  STP  674,  1979. 

3.  01  Hard,  D.  A.,  D.  H.  Morris,  and  H.  F.  Brinson,  "Creep  and  Creep  Rupture 
of  Lamrinated  Qraphlte/Epoxy  Oomposltes,"  VP  I  Itoport  PVPI-E-81-3,  Blacks¬ 
burg,  VA  1981. 

4.  Findlay,  to.  N. ,  and  0.  B.  Peterson,  "Prediction  of  Long-Time  Creep  with 
Ibn-Ybar  (beep  Oita  on  ftour  Plastic  Laminates,"  ASTM  Proc. ,  tool.  58,  1958. 
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Constitutive  Modeling  of  Engine  Niterlels 


Or.  T.  Mcholas 

AFWAL  Materials  Laboratory  (MLLN) 
M*1ght-lhtterson  Mr  Force  Ease.  OH  45433 


Turbtne  engine  structural  covenants  are  subjected  to  extremes  In  tsmper- 
ature  and  stresses.  In  advenced  military  engines,  disks  can  undergo  Inelastic 
and  time-dependent  deformation,  especially  In  the  region  of  stress  concentra¬ 
tions.  In  order  to  accurately  predict  cosponent  life,  the  material  behavior 
must  be  realistically  described  In  a  computationally  efficient  form.  The 
model  aust  be  able  to  describe  monotonic  at  uel  1  as  cyclic  loading,  creep  and 
relaxation,  and  strain  rate  effects.  The  constants  In  the  model  must  be  ob¬ 
tained  from  simple  laboratory  tests. 

This  paper  describes  the  testing  program  used  to  generate  experimental 
data  on  three  nickel  base  syperallays  used  as  turbine  disk  materials  In  Mr 
Force  engines.  The  types  of  tests  end  dote  ere  described  along  with  the  pro¬ 
cedures  for  determining  material  constants  In  several  constitutive  models 
which  ere  used  to  describe  time-dependent  Inelastic  material  behavior.  In¬ 
cluded  erejhe  fcCner-Mrtem  Incremental  strain  rate  medal  which  includes  lead 
history  effects  through  the  urn  of  a  state  variable,  tfferlttonc  of  the  Malvern 
overstress  model  combined  with  Ibrton's  lew  for  creep  ore  else  presented.  Ap¬ 
plications  to  problems  Involving  cracked  geometries  are  praeaoted  and  dis¬ 
cussed. 


VISCOPLASTICITY .  THEORY  AMD  EXPERIMENT 


Erhard  Kreapl 

Department  of  Mechanical  Engineering, 
Aeronautical  Engineering  A  Mechanica 
Reneaelaer  Polytechnic  Institute 
Trey,  New  York  12181 


Abstract 


The  theory  of  viscoplaaticlty  based  on  total  strain  and  overstress  [1,2] 
and  aervocon trolled  testing  with  strain  neasureaents  on  the  specimen  gage 
length  are  used  to  illustrate  the  necessary  interplay  between  experiment  and 
theory  In  constitutive  equation  development.  All  tests  are  done  at  room  tem¬ 
perature  on  AISI  Type  304  Stainless  Steel  and  on  a  Tl-alloy.  Both  materials 
exhibit  significant  rate  dependence  creep  and  relaxation  in  the  plastic  range. 

The  uniaxial  version  of  the  theory  contains  two  material  functions,  the 
viscosity  function  which  depends  only  on  the  overstress,  and  the  equilibrium 
stress-strain  curve.  It  is  operationally  defined  as  the  stress-strain  curve 
traced  out  as  the  loading  rate  approaches  xero.  In  constant  etraln(stresa)- 
rate  loading  the  constitutive  equation,  linear  in  the  stress  and  the  Infini¬ 
tesimal  strain  rates  but  nonlinear  in  stress  and  the  infinitesimal  strain, 
admits  an  asysptotlc  solution  which  is  rapidly  attained. 

For  the  determination  of  the  equilibrium  stress-strain  curve  relaxation 
teats  with  extrapolation  to  an  Inelastic  strain  rate  of  10~12  e"1 2 3 4  are  most 
suitable.  Alternatively  strain-rate  change  tests  involving  two  orders  of 
magnitude  are  used  in  conjunction  with  the  asysptotlc  solution  to  determine 
the  overstress  and  therefore  the  equilibrium  stress  [3,4]. 

The  three-dimans lonal,  infinitesimal,  isotropic  formulation  requires  the 
use  of  a  generalised  Poisson's  ratio.  Doing  strain  gages  and  axial  and  trans¬ 
verse  clip-on  extensomaters ,  Poisson's  ratio  is  determined  in  uniaxial  mono- 
tonic  and  cyclic  loading.  Results  show  deviations  from  the  constant  volume 
assumption  of  inelastic  deformation.  The  viscoplasticity  theory  based  on 
overstress  permits  the  inclusion  of  these  inelastic  compressibility  effects. 
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THE  RELATIONSHIP  HfTVSSM  LOADING  RATE  AND  THE  COMPRESSIVE 
AHD  TEHSILB  STRENGTH  OF  GRANITE  SPECIMENS 


by  Zhu  Rtigenj  and  Wu  Mienba 


Institute  of  Rook  and  Soil  Meohanlae,  Acadoaia  Slnica, 
Wuhan,  China 


Rook  nai  is  aubjeoted  to  dynaaie  load  at  diffarsnt  load¬ 
ing  rates  during  propagation  of  stress  wave  froa  the  focus 
by  the  rook  aaas.  It  is  of  iaportaaee  to  seek  after  the  re¬ 
lationship  between  the  loading  rate  and  the  eoapressive  and 
tensile  strength  of  rook  for  studying  blasting  effects  in 
rock  ness,  determining  eafty  distance  and  evaluating  stabil¬ 
ity  of  geo technical  projects*  etc.. 

Sons  coapression  and  double  punch  tests  hare  been  con¬ 
ducted  to  fire  groups  of  cylinder-shaped  granite  rock  apec- 
iaens  slaes  of  990an  X  130am  and  #90an  X  105su  at  different 
loading  rates  in  the  range  froa  10*  kg/ cm1 /sec.  to  10*kg/ca* 
/ sec.*  by  a  fast  pneudruulic  loading  as chine  which  the  max¬ 
imum  load  is  AGO  ton  and  the  fastest  rise  tine  is  8 as. 


Conclusions i 

1.  The  granite  rock  saecinens  gain  such  in  eoapressive 
and  tensile  strength  vita  lifting  the  leading  rate.  The  for¬ 
mulation  of  this  problea  is  assumed  by  these  tests  as  fol¬ 
lows! 


a  »  o,  (1  ♦  Di  lg  ♦  Da  (  lg-%t  )*  ) 

where  o(  and  Ot  are  the  stetie  value  of  strength  and  loading 

rate*  a  and  6  are  the  dynaaie  value  of  strength  and  loading 

rate.  Di  is  0.079  and  D*  is  0.030  in  coapression  tests,  Di 

is  0.090  end  Dt  is  0.007  in  tension  tests. 

2.  Q,  the  rate  ef  the  eoapressive  strength  and  the  ten¬ 
sile  strength  of  the  granite  speoiaens*  increases  with  the 
loading  rate  going  up.  Soae  data  are  presented! 
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Fair  agreement  between  results  and  practioal  problems  ha 
been  obtained. 
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Dynamic  Stress  Concentration  In 
Plates  Subjected  to  Biaxial  Inpact 
Y.E.  Hassant  and  K.E.  Machine 

t:  Section  Head,  Engineering  Dynamic  Analysis,  Ontario  Research 
Foundation,  Mississauga,  Ontario,  L5K  163 
♦  •  Professor,  Mechanical  Engineering  Dept.,  Untv.  of  New  Brunswick, 
P.0.  Box  4A00,  Fredericton,  N.B.,  Canada 

Response  of  structural  discontinuities  In  plates  sub¬ 
jected  to  biaxial  (gipact  Is  Investigated  experimentally  using  ex¬ 
plosively  Induced  stress  pulses.  Series  of  tests  were  performed  on 
aluminum  plates  with  and  without  discontinuities.  Each  plate  is 
subjected  to  two  Independently  Induced  pulses.  The  apparatus  used 
in  this  Investigation  consists  of  a  long  aluminum  plate  ballisti- 
cally  suspended  using  threads  of  low  Inertia  and  free  to  move  in  a 
horizontal  plane.  As  shown  in  Figure  (I),  the  plate  Is  subjected 
to  two  biaxial  impacts,  perpendicular  to  each  other  but  In  the  plane 
of  the  plate.  Each  impact  is  produced  by  lead  pellets  fired  from  an 
air  rifle.  An  automatic  firing  mechanism  ts  used  to  fire  each  rifle 
The  two  firing  mechanisms  are  connected  together  by  a  delay  unit 
which  is  used  to  delay  the  operation  of  one  firing  mechanism  with 
respect  to  the  other  by  a  certain  specified  amount  of  delay  time 
which  could  be  controlled  from  0-200p  sec.  Strain  gages  were  used 
to  measure  strains  at  the  discontinuity,  a  central  circular  hole  of 
3/fc  inch  diameter,  and  the  results  were  displayed  on  an  oscilloscope 
The  results  are  summarized  In  Figure  (2)  where  the  dynamic  stress 
concentration  factors,  K,  and  K,  In  direction  I  and  2  of  Figure  (I), 
are  plotted  against  the  delay  time  between  the  two  pulses.  It  is 
concluded  that  the  dynamic  stress  concentration  factor  decreases  at 
the  point  where  two  perpendicular  coepresslve  pulses  meet.  It  Is 
also  concluded  that  this  effect  is  greater  for  pulses  with  a  wider 
wave  front. 


•B*  <!|  tame  «S— e.  hr  «. 
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Consequences  of  the  Second  Law  of  ThenDodynaau.es 
for  the  Cattaneo-Maxwell  Model 
of  Ri<?\  1  Heat  Conductors 

by 


David  R.  Owen 
Department  of  Mathematics 
Carnegie-Mellon  University 
Pittsburgh,  PA  15213 


The  kinetic  theory  of  gases  and  the  quantum  theory  of  heat  conduc¬ 
tion  in  crystalline  solids  provide  a  basis  for  modifying  Fourier's  law 
of  heat  conduction  with  a  term  linear  in  the  time  derivative  of  the  heat 
flux  vector.  From  the  point  of  view  of  continuum  thermodynamics,  it  is 
natural  to  give  an  interpretation  of  the  modified  Fourier  law  within  a 
set  of  constitutive  equations  which  is  compatible  with  the  Second  Law 
and  to  study  the  resulting  equation  of  energy  balance.  In  this  talk  on 
rigid  heat  conductors  I  describe  joint  work  (1)  with  Bernard  D.  Coleman 
and  Mauro  Pabrizio  on  compatibility  with  the  Second  Law  and  (2)  with 
Bernard  D.  Coleman  on  preliminary  studies  of  the  energy  equation.  In 
the  research  (1)  we  take  the  Second  Law  to  be  the  etateeient  that  the 
integral  along  a  cyclic  procaee  of  the  heat  gained  divided  by  the  abso¬ 
lute  temperature  not  be  positive  and  we  show  that  there  exists  a  unique 
entropy  function  which  obeys  the  Clausuis-Duhem  inequality.  The  smooth¬ 
ness  of  this  function  yields  an  explicit  formula  for  the  internal  energy 
as  a  function  of  temperature  and  heat  flux  In  which  dependence  on  heat 
flux  cannot  be  trivial.  The  research  (2)  shows  that  the  energy  equation 
is  necessarily  nonlinear  in  the  heat  flux  -  even  though  the  modified 
Fourier  law  is  itself  linear  -  and  yields  non-trivial  travelling  wave 
solutions. 
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Coherent  niece  Transformations  in  Metals  and  Rocka 


by 


D.  0.  James 

Division  of  Engineering 
Brown  University 
Providence,  RI  02912 


Coherent  first-order  phase  transformations  are  identified  by  sur¬ 
faces  of  discontinuity  of  the  deformation  gradient  or  co^oaition 
produced  by  a  continuous  deformation.  These  transformations  are  respon¬ 
sible  for  twinning  and  martensitic  transformations  in  metals  and  the 
coherent  phases  of  sasui  feldspars;  as  such  they  attract  the  attention 
of  both  metallurgists  and  geologists. 

Some  simple  theorems  of  kinematics  place  strong  restrictions  on 
the  way  such  phases  arrange  themselves.  An  analysis  of  all  possible 
arrangements  show  that  very  few  of  them  meet  the  conditions  of  continuity 
mentioned  above.  1  shall  present  a  brief  description  of  the  arrangements 
which  are  possible,  and  then  1  shall  consider  further  restrictions  which 
follow  from  the  equations  of  equilibrium  applied  to  the  stress  fields 
defined  on  these  arrangements.  A  definite  set  of  "phase  rules"  emerges 
which  follow  tram  kinematics,  equilibrium,  symmetry,  and  inf initasimal 
stability. 

An  application  to  the  (225)  habit  plane  In  martensitic  steels  will 
be  discussed. 


A  theory  of  Pseudo-Rigid  Bodies: 
General  structure  and  Sipple  beet  Solutions 

by 

Robert  G.  Kuncaster 
Department  of  Mathematics 
University  of  Illinois 
Urbana,  il  61B01 


Shells  may  be  viewed  as  two-dimensional  bodies  with  one  director. 
Rode  may  be  considered  one -dimensional  bodies  with  two  directors. 
Bseudo-rigid  bodies  are  sero-dimensional  bodies  with  three  directors. 

The  main  dascriptors  of  the  notion  of  a  pseudo-rigid  body  are  a  position 
vector  locating  the  mass  centar  and  a  director  tenaor  for  characterising 
orientation  as  well  as  coaprsasion  and  shearing  affects  of  deformation. 

A  theory  of  psaudo-rigid  bodies  represents  the  simplest  step  up 
from  rigid  body  mechanics  to  a  theory  of  deformable  bodies.  In  this 
lecture  a  theory  of  pseudo-rigid  bodies  devised  independently  by  Cohen 
end  Kuncaater  will  be  outlined.  It  is  novel  in  that  the  basic  governing 
equations  era  ordinary  differential  aquations. 

The  general  structure  of  the  theory,  and  Its  relationship  to  non¬ 
linear  elasticity  will  be  described.  Also  some  simple  exact  solutions 
will  be  presented  which  indicate  the  value  such  a  theory  may  have  in 
practical  problem  solving. 
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Description  of  Mixing  of  Diffusing  and  Rase ting  Fluids 
in  Texas  of  the  Concept  of  Materiel  Surfaces 

by 

3.  M.  Ottino 

Chemical  Engineering  Department 
University  of  Massachusetts 
Jkaherst,  MA  01003 


The  essence  of  fluid  mechanical  mixing  of  diffusing  and  reacting 
fluids  can  be  traced  back  to  kinematics ,  connectedness  of  material 
volumes,  and  transport  processes  occurring  across  deforming  material 
surfaces.  Descriptions  based  on  kinematics  of  homeomorphic  deforming 
material  surfaces  (tracers)  are  solely  restricted  to  continuous  notions 
and  conveniently  analysed  by  transport  equations  in  Lagrangian  frames. 

Connectedness  of  material  volumes  restricts  the  mixing  topology  and 
generates  bicontinuous  structures  characterised  by  intermaterial  area 
and  striation  thickness  distributions.  Upper  bounds  for  area  generation 
and  material  line  elongation  are  related  to  mean  values  of  viscous 
dissipation  and  govern  the  average  reaction  rate  in  diffusion  controlled 
reactions.  Two  concepts  are  introduced)  micrcadxing,  related  with 
local  flows,  rate  of  stretching,  and  local  viscous  dissipation,  and 
macromixing,  associated  with  connectedness  of  isoconcentration  surfaces, 
vorticity,  and  average  viscous  dissipation. 

Several  small-scale  flows  can  be  used  to  typify  the  interplay  be¬ 
tween  fluid  mechanics,  mass  and  energy  transport,  and  chemical  reactions: 
elliptically  symmetrical  stagnation  flows,  vortex  decay,  and  swirling 
flow  with  uniform  stretching.  It  is  proposed  that  complex  fluid  motions 
might  be  interpreted  in  terms  of  integrated  behavior  of  populations  of 
small  scale  flows  distributed  in  space  and  time  to  simulate  mixing  be¬ 
havior. 

The  objective  of  this  work  is  to  present  the  foundations  of  a  con¬ 
tinuum  mixing  description  making  reference  to  earlier  approaches  to 
demonstrate  computational  applicability  and  practical  significance. 
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ON  THE  RELATIONSHIP  BETWEEN  THE  LOGARITHMIC 
STRAIN  RATE  AND  THE  STRETCHING  TENSOR 


»Y 


Morton  E.  Curtin  and  Kathleen  A.  Spear 
Dapartaant  of  Nathaaaties 
Carnegie-Mellon  University 
Pittsburgh,  Pannaylvania  15213 


ABSTRACT 


In  this  pqer  «a  investigate  tha  relationship  between  tha  stratching 
tansor  8  and  tha  logaritbnic  (Hancky)  strain  it t£,  with  g  tha  la  ft 
stratch  tansor.  wa  astablisb  tha  sispla  formula 

£  -  <*«>'  -  )  , 

which  bolds  for  arbitrary  three-dimensional  motions.  Here  £  is  tha 
datamation  gradiant,  (In j£>*  is  tha  tims  darivstiva  of  *«£  saasurad  is  a 
coordinata  systam  which  rotatas  with  tha  loft  principal  strain  axss,  and  0 
is  tbs  spin  of  tha  right  principal  strain  anas.  Wa  uaa  this  formula  to  dim 
that  Q  ■  (ing>*.  (or,  equivalently,  8  *  ( *ng) • ,  tha  Jsumsnn  darivstiva  of 
if  and  only  if  the  characteristic  apaoaa  of  tha  right  stretch  tensor 
X  are  constant  on  any  "lme  interval  in  which  the  nawhf  a t  distinct 
principal  stretches  is  constant .  Finally,  ws  Show  that  tbs  asymptotic 
approximation 

8  -  ♦  o<e3) 

holds  whenever  tbs  displacaaant  gradient  £  sat  is  five  J,  J  -  0(c). 
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OS  NON-NEWTONIAN  SECONDARY  FLOWS  IN  TUBES  OF  NON-CIRCULAR  CROSS-SECTION* 


Charles  G.  Speziale 

Mechanical  Engineering  Department,  Stevens  Institute  of 
Technology,  Hoboken,  N.J.  07030 


ABSTRACT 

It  has  long  been  recognized  that  the  steady  flow  of  an  incompressible 
non-Newtonian  fluid  through  a  straight  tube  of  non-circular  cross-section 
will  not,  in  general,  be  unidirectional  like  its  Newtonian  counterpart  [1,2]. 
Secondary  flows  occur  in  the  transverse  planes  of  the  tube  independent  of 
end  effects.  Here,  the  flow  is  initiated  by  a  constant  axial  pressure 
gradient  which  is  maintained  by  external  means.  The  tube  is  infinitely 
long  so  that  the  velocity  field  and  pressure  gradient  are  independent  of 
the  axial  coordinate. 

In  this  paper,  a  simple  sufficient  condition  will  be  derived  for  the 
onset  of  secondary  flow.  More  specifically,  it  will  be  proven  that 
secondary  flow  occurs  when  the  axial  velocity  gives  rise  to  any  non-zero 
difference  in  the  transverse  normal  stresses.  The  proof  of  this  result 
will  be  obtained  by  an  analysis  of  the  vorticity  transport  equation  subject 
to  the  assumption  that  the  normal  stresses  possess  two  continuous  partial 
derivatives  with  respect  to  each  cross-sectional  coordinate  of  the  tube. 

It  will  be  shown  how  this  sufficient  condition  can  be  utilized  in  a  direct 
manner  to  prove  that  for  simple  fluids  such  secondary  flows  constitute  a 
nonlinear  effect  (a  fact  which  has  long  been  recognized).  However,  it 
will  also  be  shown  that,  for  non-simple  fluids  (i.e.  fluids  where  nonlocal 
effects  are  important),  these  secondary  flows  can  arise  from  linear  terms. 
Applications  of  certain  non-Newtonian  models  that  have  been  utilized  in 
turbulence  will  be  considered  along  with  the  prospects  for  future  research. 
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NON  LINEAR  ASYMPTOTIC  STABILITY  ANALYSIS  FOR  SOLUTIONS  TO  NAVIER -STOKES 
EQUATIONS  IN  A  HALF  SPACE. 


Giovanni  P.Galdi  &  Salvatore  Rlonero 
Istituto  di  Matematica  "R.Caccioppoli'.PIezzocannone  8,60134  Napoli, Italy 


We  study  uniqueness  and  non  linear  stability  of  steady  solutions  to  \3vI2 
Stokes  equations  in  a  half  space  H,  say,  z^O. These  solutions  deDenc 
on  the  z  coordinate  orthogonal  to  z*0.  The  main  mathematical  difficulties 
in  treating  this  kind  of  problem  are  essentially 

a)  H  is  an  unbounded  domain  with  unbounded  boundary  1 

b)  Thb  basic  solutions  do  not  have  any  sunmablllty  propert 
(in  fact,  they  are  constant  in  both  x.y  directions!. 

We  prove  uniqueness  of  the  above  solutions  In  a  class  I  of ^so^utions 
which  are  infinitesimal  as  z-»«o  and  may  even  "grow"  as  (x  »y‘  )-*■■“  . 
Successively,  assuming  that  the  initial  perturbation  is  square  summable 
in  H,  we  reduce  the  non-linear  stability  analysis  to  an  eigenvalue  oroble 
(which  is  shown  to  be  solvable!  and  prove  that  if  a  suitable  “Reynolds 
number"  associated  to  the  unperturbed  motion  is  not  “too  large*  thjn  all 
perturbations  belonging  to  an  I-type  class  necessarily  belong  to  L  fV) 
and,  moreover,  become  uniformly  bounded  in  space  for  large  time  t  and, 
finally,  tend  to  zero  as  t  — am  ,  in  the  aupremum  norm.  The  methods  em¬ 
ployed  are  essentially  those  developed  in  £l],[2]. 

The  above  theory  can  be  applied  to  several  physically  interesting  cases 
auch  as  the  buoyancy  boundary  layer  an^  the  Ekman  boundary  layer 
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On  Conservation  Laws  in  a  Consistent  Shell  Theory 


by 

R.  Klenzler* 

Insctcut  fur  Mechanic,  Technische  Hochschule,  6100  Darmstadt,  West  Germany 

and 

A.  Goleblewska  Herrmann 

Division  of  Applied  Mechanics,  Stanford  University,  Stanford,  CA  94305  USA 


Within  the  framework  of  linear  or  non-linear  elasticity,  conservation 
laws,  proved  to  be  successful  in  calculating  energy-release  rates  in  frac¬ 
ture  mechanics  or  forces  acting  on  mobile  energy  sources  such  as  defects. 
Invariance  of  the  Lagrangian  with  respect  to  a  group  of  material  transform¬ 
ations  leads  to  path-independent  integrals  in  three-dimensional  and  plane 
two-dimensional  elasticity. 

Recently  attempts  have  been  made  to  establish  path-independent  inte¬ 
grals  for  shells.  It  seems  that  the  assumptions  of  first-order  shell 
theories  complicate  the  criteria  as  to  what  kind  of  transformations  on  a 
curved  surface  are  admissible.  Application  of  a  consequent  quadratic 
approximation  of  the  equations  of  three-dimensional  elasticity  theory 
results  in  a  consistent  shell  theory.  The  Lagrangian  takes  all  terms  into 
account  up  to  the  order  h2/12R2  .  (h  is  the  thickness  of  the  shell  and 
R  is  a  characteristic  radius  of  curvature  of  the  middle  surface.)  It 
turns  out  that  the  existence  of  path-independent  contour  Integrals  depends 
not  only  on  the  type  of  transformation,  but  also  on  the  geometry  of  the 
shell  middle  surface  as  well. 

In  general,  material  translations  lead  to  conservation  laws  only  for 
developable  surfaces  (cylinders  and  cones).  Circular  cylindrical  and  coni¬ 
cal  shells  allow  material  rotations  if  the  state  of  loading  and  deformation 
is  rotatlonally  aynmetrical.  In  addition,  rotation  of  a  closed  ring  of  a 
shell  of  revolution  in  circumferential  direction  is  Independent  of  the  width 
of  the  ring  chosen  in  the  meridional  direction. 

These  transformations  lead  to  conservation  laws  in  a  first-order  shell 
theory,  if  terms  of  the  same  order  of  magnitude  are  neglected,  which  were 
omitted  in  the  derivation  of  the  first-order  theory,  l.e.  if  errors  are 
admitted  as  acceptable  in  the  sense  of  Kolter. 


*  -  At  present  a  visitor  at  the  Division  of  Applied  Mechanics,  Stanford 
University. 


ISOVECTOR  FIELDS  MID  SELF-SIMILAR  SOLUTIONS  FOR  POWER  LAW  CREEP 


T.J.  Delph 

Department  of  Mechanical  Engineering  and  Mechanics 
Lehigh  University 
8eth1ehon,  PA  18015 

Isovector  methods  represent  a  recent  and  promising  mathematical  tech¬ 
nique  for  obtaining  Information  concerning  the  behavior  of  solutions  of 
systems  of  linear  and  nonlinear  partial  differential  equations.  Appli¬ 
cations  of  the  technique  Include  the  generation  of  self-similar  solutions, 
conservation  laws,  and  Backlund  transformations,  depending  on  the  system 
of  equations  under  consideration.  The  major  disadvantage  of  Isovector 
methods  $s  the  enormous  amount  of  algebra  Involved  In  calculating  the 
equations  defining  the  Isovector  fields.  This  difficulty  has  now  been 
largely  overcome  with  the  development  by  Edelen  of  computer  programs  written 
In  a  symbolic  manipulation  language  which  automatically  carry  out  the 
necessary  calculations. 

Isovactor  techniques  have  recently  been  applied  to  the  study  of  the 
governing  equations  for  a  power-law  creeping  body  with  elastic  strains, 
considering  both  antiplane  and  plane  strain  deformation.  The  results 
yield  a  one-parameter  family  of  self-similar  solutions  which  generalize 
to  some  extent  self-similar  solutions  racantly  obtained  by  Riedel.  In 
addition.  It  Is  proved  that  these  are  the  only  extent  set  of  self-similar 
solutions.  Conservation  laws  for  power  law  creep  with  elastic  strains 
were  found  not  to  exist. 
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Session  TA-2;  STRUCTURAL  ICCHANICS/SOIL-STRUCTURE 
INTERACTION 

Chairperson:  S.  NEMAT-NASSER,  Northwestern  University 

Co-Chairperson:  J.  B.  HEAGLER,  University  of  Kissouri-Rolla 

2:00  -  2:15  C.T.T.  HSU,  New  Jersey  Institute  of  Technology; 

C.S.S.  SEA,  The  K.  M.  Parsons  Company,  Pasadena; 

H.  P.  LEE,  Ontario  Hydro;  and  P.  CHAN,  New  Jersey 
Institute  of  Technology: 

"Complete  Moment-Curvature  Relations  for  Structural 
Concrete  Beau" 

2:15  -  2:30  C.T.T.  HSU,  New  Jersey  Institute  of  Technology: 

"Analysis  of  Reinforced  Concrete  Members  Under  Combined 
Biaxial  Bending  and  Axial  Tension" 

2:30  -  2:45  M.  M.  ALI,  Skidmore,  Owlngs  and  Merrill,  IL: 

"Optimisation  of  Concrete  Structures  Using  Non-Linear 
Programming" 

2:45  -  3:00  C.L.D.  HUANG,  Kansas  State  University: 

"Effects  of  Thickness  of  Cylinders  on  the  Moisture  and 
Heat  Transfer  in  Concrete  Tubes" 

3:00  -  3:15  G.  VALENTE,  Universita  di  Roma,  Italy: 

"Static  and  Dynamic  Remarks  for  Hanging  Roof  with 
Stiffening  Beams  in  the  Second  Order  Theory" 

3:15  -  3:30  A.  FARAH,  Laurentian  University: 

"Response  of  Floors  to  Walking  and  Heel  Impact" 

3:30  -  4:00  REFRESHMENT  BREAK 

4:00  -  4:15  K.  W.  SCHULER,  Sandla  National  Laboratories;  S.  E. 

BENZLEY,  Brigham  Young  University;  and  H.  J.  SUTHERLAND, 
Sandla  National  Laboratories: 

"A  Study  of  Subsidence  Over  Longwall  Panels  Using 
Numerical  and  Physical  Modeling  Techniques” 

4:15  -  4:30  Z.  A.  ZIELINSKI,  M.  S.  TR0ITSKY  and  M.  S.  PIMPRIKAR, 
Concordia  University,  Canada: 

"Bearing  Pad  Performance  Under  High  Stress" 

4:30  -  4:45  J.  L.  HILL,  The  Unfrersity  of  Alabama: 

"Optimal  Dasign  of  Pile  Foundation  Layouts" 

4:45  -  5:00  I.  HATB0WI,  University  of  Waterloo, and  A.  MAHMOUD, 

Cairo  University,  Egypt: 

"Dynamic  Sensitivity  of  Soil  Structure  Interaction" 
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5:00  - 


5:15  - 

5:30  - 

5:45  - 


5:15  T.  UIBHU)  C.  W»  TAT  and  S.-L.  LEE,  Rational 
Unlversl  tj  of  5lnpyr«! 

"Satanic  lt«Tiino«  of  Toreioaally  Coupled  Buildings  on 
Elastic  Foundations” 

5:30  S.  FMKASH  and  S.  MM,  Uniaarsity  of  Roorkea,  India 
"Deforantioa  Dependant  Barth  Pressor*  la  Rigid 
imisiig  Kells" 

5:45  S.  main,  Uatssrslty  of  ■oorfasi,  India: 

"SslstloBt  fat  Dlsplaeanants  in-  Sail  Mechanic*” 


6:00 
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COMPLETE  MOMENT-CURVATURE  RELATIONS  FOE  STRUCTURAL  CONCRETE  BEAMS 


C.  T.  Thomas  Hsu 
Ass.  Professor 
Oept.  of  Civil  & 
Enviromental  Eng. 
N.  J.  Institute  of 
Technology 
Newark,  N.  J. 

07102 


C.  S.  S.  Sea 
Senior  Civil  Engr 
The  R.  M.  Parsons 
Coop any 

Pasadena,  Calif. 
91124 


H.  P.  Lee 
Design  Engr. 
Specialist-Civil 
Ontario  Hydro 
Toronto,  Ontario 
Canada 


Paul  Chan 
Assoc .  Professor 
Dept,  of  Civil  A 
Enviromental  Eng. 
N.  J.  Institute  of 
Technology 
Newark,  N.  J. 

07102 


Present  design  practice  for  statically  indeterminate  reinforced 
concrete  structures  is  based  on  the  inconsistent  procedure  of  analysing 
the  structure  elastically  and  proportioning  the  section  Inelastlcaily. 

As  a  consequence,  the  ultimate  strength  of  the  structure  as  a  whole  and, 
hence  the  factor  of  safety  against  failure  remains  undefined.  In  countries 
prone  to  earthquake,  it  is  important  that  the  structures  behave  in  a  ductile 
manner  when  subjected  to  the  action  of  severe  seismic  disturbances.  Strength 
and  ductility  of  reinforced  concrete  structures  are  dependent  upon  the 
complete  behavior  of  the  moment -curvature  and,  therefore,  the  moment- 
rotation  characteristics  for  the  component  members. 


Two  methods  were  used  to  evaluate  a  complete  moment-curvature 
behavior  for  a  reinforced  concrete  section  :  1)  The  first  method  is 
based  on  control  of  applied  concrete  deformation  and  is  able  to  obtain 
the  ascending  and  descending  branches  of  the  moment-curvature  curves.  The 
computer  program  continues  to  evaluate  the  moment -curvature  values 
until  the  differences  in  the  compressive  and  tensile  forces  in  section 
go  beyond  a  suitable  prescribed  limit.  In  this  case,  the  section  is  assumed 
to  have  attained  the  ultimate  load  stage.  2)  Another  method  was  developed 
by  modifying  the  extended  Newton-Raphson  numerical  analysis  method;  this 
computer  program  has  the  ability  to  use  any  section  geoemtry  and  material 
properties.  Again,  the  ascending  and  descending  branches  of  the  moment- 
curvature  curves  can  be  obtained;  but  the  curves  are  terminated  when  the 
maxtmum  strains  in  the  concrete  or  the  steel  bars  exceed  certain  pre¬ 
defined  maximum  strain  values.  In  this  case,  the  section  is  considered 
to  have  failed.  Both  methods  have  utilised  the  complete  stress-strain 
curves  for  the  concrete  and  the  reinforcing  steel. 


The  above  moment-curvature  values  were  incorporated  in  special 
purposed  computer  programs  to  analyse  the  behavior  of  simply  supported 
and  continuous  beams  for  their  complete  response  as  the  applied  loads 
were  increased  from  sero  until  failure.  The  analysis  results  were 
compared  with  the  experimental  values,  and  a  reasonably  good  agreement 
was  obtained  from  the  present  investigation. 
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ANALYSIS  OF  REINFORCED  CONCRETE  MESSERS 
UNDER  COMBINED  BIAXIAL  BENDING  AND  AXIAL  TENSION 


C.T.T.  Hm 

Dtpartwnc  of  Civil  and  Enviromsental 
Engineering 

Nev  JtrHy  I  net.  of  Technology 
Newark,  NJ  U.S.A.  07102 


The  research  reported  herein  ia  to  study  the  ultlaate  strength 
behavior  of  reinforced  concrete  aenbsrs  subject  to  biaxial  bending 
•Manta  contained  with  axial  tension.  A  maserical  analysis  and  computer 
program  baaed  on  a  nodlflcatlon  of  the  extended  NewtoarRaphaon  nathod 
mao  devaleped  to  study  the  three-dimensional  strength  interaction 
diagrams  and  failure  surfaces  for  •aatiars  under  combined  biaxial 
handing  and  axial  load.  The  analysis  can  be  used  for  the  determination 
of  strain  aad  curvature  distributions  In  structural  concrete  elements. 
The  ceaputar  analysis  developed  has  the  ability  to  uae  any  section 
gaoMtry  aad  notarial  properties.  The  resulting  strength  Interaction 
dlagraan  and  failure  surfaces  can  account  for  both  axial  expression 
aad  axial  tension  conhiaad  with  uniaxial  or  biaxial  bending  scants. 


on  the  above  OMerlcal  analysis  aad  result  lag  failure 
aurfmena,  tun  design  foraulas  L.“  reinforced  concrete  members  subject 
to  ranhlned  biaxial  banding  aad  ax*ml  tension  ears  proposed  for  square 
or  circular  aad  rectangular  auctions  respectively.  For  square  or 
circular  section,  the  design  equation  ia  given  by: 
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In  the  form: 
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M  capacity  at  axial  load  -P 
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Where  N  -  -P  a  ,  M  -  -P  a  ,  M 

ux  n  y  ny  n  x  ox 

nhan  M  aad  -F  are  null,  M  *  (I  capacity  at  axial  load  -P  when 
ny  a  ’  oy  ny  ‘  n 

M  aad  -P  ate  null,  e  -  eccentricity  along  x-axis,  e  “  eccentricity 
iff  n  *  * 

along  y-axia,  -P^  •  axial  tension. 


pure  tensile  capacity. 


Equations  (1)  and  (2)  represent  two  non-dimensional  design  foraulas 
which  ate  a  further  laprov  smsnt  of  the  load  contour  nethods  developed 
by  Bresler  and  Farm,  and  can  be  found  useful  for  the  practical  design 

uses. 
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OPTIMIZATION  OF  CONCRETE 
STRUCTURES  USING  NON-LINEAR  PROGRAMMING 


Mir  M.  Ali 

Skidmore,  O wings  and  Merrill 
33  West  Monroe  Street 
Chicago,  Illinois  60603 


In  recent  years,  optimization  techniques  have  been  used  extensively  by 
researchers  to  solve  structural  analysis  and  design  problems  where  cost,  weight 
of  materials  or  energy  absorbed  in  the  structure,  etc.  is  the  governing  objective 
adopted  for  the  design  U,  2,  31.  Considerable  work  has  been  done  for  steel 
structures  where  tb>’  material  is  homogeneous.  For  concrete  structures,  the 
application  of  optimization  technique  has  been  relatively  slower  since  reinforced 
concrete  is  a  composite  material  comprising  concrete  having  brittle  character¬ 
istics  and  reinforcing  steel  possessing  ductile  properties.  Further,  when  service 
and  ultimate  constraints  are  to  be  included  in  the  optimization  process,  the 
occurrence  of  inelastic  phenomena  at  the  various  levels  of  material,  sectional 
and  structural  response  adds  considerable  complexity,  even  when  the  structure 
behaves  primarily  in  flexure. 

The  present  paper  proposes  a  non-linear  design  method  for  concrete  structures 
that  includes  the  strength,  ductility,  deflection  and  crack  control  criteria  as  the 
active  set  of  constraints  to  the  optimum  design.  The  design  is  performed  within 
a  mathematical  programming  context  by  minimizing  the  total  cost  of  materials. 
The  resulting  non-linear  programming  (NLP)  problem  is  solved  using  a  computer 
program  that  specifies  the  Sequential  Unconstrained  Minimization  Technique 
(SUMT)  algorithm  and  uses  a  Feasible  Conjugate  Direction  (FCD)  technique  to 
solve  sub-problems  having  explicit  linear  constraints.  For  the  NLP  problem,  an 
investigation  into  the  existence  and  uniqueness  of  solution  is  carried  out.  For 
the  frame  example  presented,  it  is  concluded  that  a  solution  exists  to  the  NLP 
problem  and  the  solution  is  non-unique,  i.e.,  only  a  local  optimum  is  at  best 
guaranteed,  (4). 


1.  Moses,  Fred,  "Optimum  Structural  Design  Using  Linear  Programming," 
Journal  of  the  Structural  Division,  ASCE,  Vol.  90,  December,  1964. 

2.  Brown,  D.M.,  and  Ang,  A.  H.  -  S.,  "Structural  Optimization  by  Nonlinear 
Programming”,  Journal  of  the  Structural  Division,  ASCE,  Vol.  92,  Decem¬ 
ber,  1966. 

3.  Tabak,  E.I.,  and  Wright,  P.M.,  "Optimality  Criteria  Method  for  Building 
Frames",  Journal  of  the  Structural  Division,  ASCE,  Vol.  107,  July,  1981. 

4.  Ali,  M.  M.,  "Optimal  Limit-State  Design  of  Reinforced  Concrete  Frame¬ 
works",  Ph.D.  Thesis,  University  of  Waterloo,  Waterloo,  Ontario,  Canada, 
January,  1977. 
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EFFECTS  OF  THICKNESS  Of  CYLINDERS  ON  THE  MOISTURE 
AND  HEAT  TRANSFER  IN  CONCRETE  TU8ES 


C.L.O.  Huang 

Dept,  of  Mechanical  Engg. 

Kansas  State  University 
Manhattan,  Kansas  66506 

ABSTRACT 

In  recent  years,  there  has  been  considerable  interest  in  the  physics 
of  moisture  movement  in  porous  media  under  the  influence  of  a  thermal  gra¬ 
dient  and  the  size  effects.  The  knowledge  of  interactions  of  heat  and 
mass  transfer  in  porous  media  is  of  great  importance  in  areas  such  as 
those  of  heat  and  moisture  tiansfer  in  building  materials,  thermal-insula¬ 
tion  materials,  and  in  concretes  used  for  construction  of  nuclear  reactors. 

Attempts  to  apply  the  diffusion  theory  to  the  drying  of  concrete  have 
not  been  successful,  because  the  effect  of  a  thermal  gradient  on  the  move¬ 
ment  of  moisture  in  concrete  is  excluded  in  using  a  diffusion  theory.  In 
the  present  study,  the  new  mechanistic  theory  [1J,  developed  by  the  writer 
in  using  the  principles  of  irreversible  flows  of  heat  and  mass,  the  linear 
phencmenol ogi ca 1  relations,  and  the  laws  of  conservation  in  continua,  is 
applied  to  study  the  effects  of  the  thickness  of  concrete  cylinder  upon 
the  moisture  migration  and  heat  transfer  in  the  concrete  cylinder.  The 
set  of  basic  equations  for  heat  and  mass  transport  in  the  concrete 
cylinder  comprises  three  nonlinear  partial  differential  equations  and  an 
empirical  formula  for  sorption  equIllbriinR  curve  which  characterizes  the 
topological  properties  of  the  porous  concretes.  The  unsteady  temperature, 
pressure,  and  moisture  distributions  in  a  concrete  cylinder  of  various 
thickness  are  obtained  by  an  lapliclt  finite  difference  method.  The 
effects  of  thickness  of  concrete  cylinder  upon  the  migration  of  moisture 
and  heat  transfer  from  the  heated  zone  toward  the  unheated  zone  and  the 
interactions  of  mass  and  heat  transfer  are  discussed. 

References: 

[1]  Huang,  C.L.D.,  Multi-Phase  Moisture  Transfer  in  Porous  Media  Subjected 
to  Temperature  6rad1ent,  Inti.  <1.  Heat  and  Mass  Transfer,  22,  pp.  1295- 
1307,  1979. 
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Static  and  Dynanlc  Remarks  for  Hanging  toot  With  Stiffening 

lean  la  the  Second  Order  ftmy 


Gianfranco  Valeate 

Iatitato  dl  Sdeaaa  dalle  Coetroaloni 
Facolta  di  Ingegnarla 
Univereitl  dl  tons.  Italia 


The  roof  structure  of  tba  new  hangar «  by  the  inter¬ 
national  piualclno  airport  in  Horn  designed  by  Nnrandi  la 
taken  into  account.  It  conalata  Of  10  preatraaaed  concrete 
cable-llka  aanbera,  directly  supporting  the  roof  platea  and 
having  catenary  longitudinal  shape.  The  eable-liha  neubers 
(40x15  ca)  are  spaced  4.45  a,  each  oae  la  pgestroased  by 

-  of  3  high  tanalla  atael  teadona  cenaiatlag  of  •  1/2" 

strands:  nor sever,  oaring  to  the  dlfforont  valuaa  of  the 
forcee  to  Which  they  are  mbjected,  both  the  creae-aaction 
and  the  nteber  of  praaereealng  cables  are  different  fron 
tendon  to  tehdbn.  m  transverse  heaaa  are  haritontal.  with 
span  S2.0Qn,  and  develop  thansalwoa  over  tba  length  of  35.7fln. 
The  two  end  cross  bonaa  ana  altad  in  aartliapHaniti  of  tba 
joints  betenea  cables  and  ties;  they  are  alao  of  preatraaaed 
concrete  of  variable  croaa  aactlon.  Tan  croaa  baaas  are 
hanging  froa  tba  roof.  They  are  trnaa  steal  beans  of 
triangular  section  with  two  upper  and  one  lower  chord;  such 
bases  are  Intended  to  distribute  along  the  roof  the  hoary 
concentrated  loads  of  the  bridge  cranes.  The  stability  of 
the  roof  against  tba  wind  auction  is  due  to  tba  dead  weight 
only,  which  la  considerable  because  tba  platea  of  tba  actual 
roof  are  alao  nade.ef  concrete.  Hereunder  are  given  aeon 
values  ef  the  design  loads:  total  dead  load  230  kg/nq, 
overload  120  kg/nq,  wind  load  100  kg/nq,  noting  load  at 
bridge  crania  10  tone.  Tba  large  dafomabiUty  of  noth 
structure  nates  necessary  an  Investigation  with  ascend  order 
theory  on  the  static  and  dyaaalc  behaviour  in  order  to 
control  any  risk  arsis lag  free  rteonanca  phmmma  caused 
by  the  wind. 


1.  i.  tetandl,  Hoove  arleriaaaaa  Alitalia  pgr  1  booing  247 

all' Siro porro  it  Xam-flMieino,  Iedwatrla  Italians 
del  amenta  (June  1070  pp.  433-400). 

2.  k.  Mnrgptf  md  0,  Haaarreta,  te(  structure  of  the  now 

hangars  by  the  frmttetlwul  nmitSm  eUpart  (Htea). 
pTaUnlanrr  report  of  mafia im  (Way  If 72), 

3.  rmt  with  etifTixingMatain  tta 
aaaand  order  (tarty,  Ompuiiia  md  attnotaraa,  M.U, 
a. 1-2,  1M0,  pp.ll>.125. 
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A  Study  of  Subsidence  Over  Lengwall  Panels  Using 
Nuaerlctl  end  Physical  Modeling  Techniques* 


K.  M.  Schuler 

Sendlt  National  Laboratories 
Albuquerque,  NM 

S.  E.  Bentley 
Brlghea  Yeung  University 
Provo,  Utah 

*.  4.  Sutherland 
Saudi a  Motional  Laboratories 
Albuquerque,  MM 

ABSTRACT 


The  strata  ■oveaent  and  resulting  surface  subsidence  in 
a  transverse  section  across  thin  center  *f  a  longue 11  panel 
Is  nodeled  by  a  tue-dlneuslonal  plan#  strain  finite  elenent 
analysis  and  by  a  scale  nodal  belli  op  of  rotk  slobs.  The 


L'i  i  Hitt  I  L 


finite  elenent  analysis  deploys  on  elastic-plastic  ester lal 
nodel  uhlch  Incorparatas  the  usual  shear  strength 
dependence  on  prossoro  and  s  unlqus  plastic  voluoe  change 
behavior  which  accounts  fur  rubbllsutlon  of  the  strata 
ovarlylag  the  extracted  coal.  As  an  a lanes t  of  the 
overlying  strata  fall*,  ft  distends  end  falls,  either  to 
the  nl at  floor  or  top  of  t§q  rabbit  pile;  subsequently  it 
cuopact*  as  tt  Is  landed  by  overlying  elenent s  which  fall. 

Ji:;,rsi4s  ssu’SRSffcif*  LtSKiirtiir* 

coal  basin.  Prnlinfnsry  calculations  have  shown  good 
agreement  with  serf ace  profiles,  aid  cooper 1 sots  ■*th 

:anss?.s'R:fe,^».t2  rsu  a.iRi’s:* 

physical  tiiSl*  Toiled  In  the  eunirffiog  boys  jrovfded 
valuable  data  on  the  extent  end  sequence  In  which  f si lure 
neewrs  In  overlying  layers. 


coetract  i 
of  energy 


serferspd  at  Stadia  National  Laboratories 
Id  by  the  U.S.  •opsrtnont  of  Emcp  uoder 
PC~ACd4-7M mm  for  tbq  «.  S.  Sopartnont 


?L’.  .  -  c-vsfcl 

Z**  w\^sn,r. 

■*'  '  “  ; 

^ rf:.  .  ; 


, .. ^  tt***  '■***»  '  '“Tff 

»*  -  ^b»-‘ 


•.x*  V-  *  &f_ 


S.  ' 


OPTIMAL  DESIGN  OF  PILE  FOOM*THM  LAYOUTS 


TMm  L.  Hill,  Professor 
Department  of  Engineering  Mechanics 
University  of  Althtas 
Tuscaloosa,  ALsbaaa 

A  great  sag  aonolitbic  concrete  structures  designed  reguire  pile 
foundations.  A  typical  structure  nay  rsgclra  beednds  ef  piles.  Tbs 
selection  call  pise— aat  of  eta  piles  la  the  foundation  aust  he  such  that 
llal rations  on  pile  forces  and  structural  dlsptaetatate  are  not  sracteded 
for  a  large  number  of  lota  cases  of  cte  concrete  structure. 

The  analysis  nethods  of  pile  foundations  fas  to  grennikoff  [l]  and 
Saul  [2]  have  been  Incorporated  Into  a  design  Stratsgy.  The  objective 
of  tta  dealga  is  to  produce  a  layout  of  piles  that  satisfies  tbs  limita¬ 
tions  for  all  loM' cases' that  contains  a  ainlaee  nuatar  of  piles.  Thu 
pile  layout  is  organised  be  a  collection  of  tones.  Tbe  dssi|a  aathod 
selects  tbs  spacing,  better  slopes  sad  layout  of  pliae  in  tta  aonss  of 
tta  foundations.  Tbs  first  step  in  tta  opt  Inal  design  Is  to  select  tbs 
batter  elope  in  each  son a  so  ttat  tta  >n|fn  of  tta  pile  i*  ninlalsta. 
Tta  speclags  are  attained  by  delating  nadatlapdta  pllpe ata  rsaaalyslng 


tta  foundation 
vista  nathod  p 
those  consider! 


la  deternlaad.  1 
Selects  till  bast 


ram  a  graat  1 


A  computer  program,  PILEOPT,  baa  base  davs loped  ata  need  In  this 
work  to  produce  pile  foundations  for  s  set  of  realistic  pile-foundation 
daalgn  p  rub  loan.  Tbsae  iacltas  pile  f  sands  tleas  far  adabslil  taaa 
lltb,  a  lock-gate  aodputb,  a*  01— gimr  saac^ak,  ata.  A  pita  Mtatab. 

In  all  four  ta  theta  ctaee,  the  plla  layoata  tram  KURtT  taatalaad 
fewer  pilea  than  ata  lathe  actual  dwslga.  It  appear*  ttat  RttMff  ia 
auccaaafal  in  obteieiim  eetlsdectary  pUe  UyoutA  for  large  atwatarae. 
Tta  fontaattap  tor  tta  abettaat  nobollth  ceetatalta  W  pUae,  ubtta  tta 
lock-gate  attain  b  taeaiTta  2ta  pOm.  Tta  WM8W  daaigea  ragtarad  a* 
average  ef  MX  feta*  pilau  tala'  vara  actually  aetata  the-  a  true  tares. 

This  work  was  seppprtad  by  ths  o.$.  Aray  taglaaar  Corps  ?  Lower 
Miaaiaalppl  Valley  Division. 


M.  Ub  UMt  pp>  SStaMC. 
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coons  xm>M  oh  elastic  wmitiii 


Thanblrajah  ltlndra,  Chaa  Haag  Tat  Hi  Sant-Lip  Lea 

Bepartnent  of  Civil  Engineer Int 
Matiooal  Dbl varsity  of  Singapore 
Singapore  0511,  Kepubllc  of  Singapore 


A  toralenally  coupled  shear  building  on  a  linear  elaetic  foundation 
is  considered.  Am  interaction  forces  at  the  soil-structure  interface 
correap finding  to  translational,  rocking  and  torsional  nodee  of  vibrations 
are  repreaented  by  frequency  independent  expressions  given  by  kichsrt, 
at.  el.  (1).  Am  aariw  eelsnlc  response  of  tbs  systen  ie  obtained  by 
the  responee  apectrun  technique  ablcb  requires  the  approxinete  unreal 
nodee  and  the  eeeecleted  leaping  ratios  ef  the  luterectlou  eyeten.  A 
aet  of  spprusinete  norsel  nodee  uhich  diagonal laea  the  isiertie  and  stlff- 
ness  nstrices  In  fend,  honsver.  ae  the  transformed  dsnping  natrix  ie 
at  ill  noodle  goiMl,  an  equivalent  diagonal  nstrix  id  csnstructed.  An 
accurate  eat  ins  te  of  the  dapping  ratloe  ie  obtained  bp  notching  the 
approxinete  nocnel  node  solutioe  with  ties  rigorous  eolutloa,  at  the 
natural  freqeeeclee  ef  the  interaction  systen.  A  syst  noetic  iterative 
procedure  la  presented  to  achieve  tin  netcUug  ef  Os  reiponeee  by 
solving  a  eat  of  slnaltaaaooa  asm  llaeet  algebraic  sgietlsne  with  the 
danplng  reties  of  aigsiftcapt  eotnal  nodes  ae  the  aafceeaoe.  Am  degree 
of  freed  on  that  ie  cheese  as  the  heels  fat  the  notching  should  he  sensi¬ 
tive  to  danplag,  ee  otherwise  the  deeping  ratio  obtained  will  be  in¬ 
accurate.  la  view  ef  Ada,  the  dagtnae  ef  freedon  of  the  top  fleer  ere 
Chosen  ee  they  ere  the  nest  sensitive  to  danplag.  There  ere  three  degrees 
of  freedon  per  floor,  naaely  translation  of  the  center  of  Mat  in  two 
orthogonal  herieontel  anas,  vis.  a-  and  y-  directions,  and  rotation  of 
the  fleer  about  e  vertical  axis.  The  particular  degree  of  freedon  that 
should  he  selected  as  the  basis  for  the  aatchlag  at  e  particular  frequency 
nay  be  established  by  an  exani nation  ef  Ae  apprenlnera  nornsl  eigen¬ 
vector  corresponding  te  that  frequency.  The  eigenvector  will  have  dla- 
placenent  c nap onset a  in  the  a-  and  y-  directions  end  rotation  consonants 
about  e  vertical  amis.  One  ef  these  eenpenante  will  be  danlnant  and 
the  degree  of  freedon  at  the  top  fleer  tnrreependfsg  te  this  donfaant 
c opponent  is  selected  for  aatchlag.  Pertbernere,  Shan  the  deafneat 
cespenent  corresponds  te  dl spier ensnr  in  a-  or.  y-direction,  the  sssnned 
ground  notion  should  be  in  the  direction  ef  the  danlnant  c  asp  on  set.  If 
the  doaf  rat,  conponsat  tot responds  to  raratSM  hast  a  vertical  ante, 
the  direction  of  the  ground  notion  shea II  be  eecb  Aet  e  greater  torsio¬ 
nal  nation  is  crusted.  Bases  Ae  legrra  ef  ftsadaa  Anson  for  notching 
Ae  reepeees  varies  frun  frequency  te  freqnracy  and  the  directions  of 
Ae  asraasd  ground  nation  ie  dictated  by  Ae  choice  of  Ae  particular 
degree  of  freedon. 
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SOLUTIONS  FOR  DISPLA.CEMHTTS  IN  SOIL  MECHANICS 

Shuwhtr  Prakaah 
Professor  in  Civil  Engineering 
University  of  Roork.ee,  Roorkee,  UP,  INDIA 


All  soils  undergo  defornetiona  when  stressed.  The  stress 
deformation  characteristics  of  soils  are  non-linear.  This  makes 
computation  of  displacements  of  structures  supported  on  soils  difficult. 

The  factors  on  ehich  displacements  of  such  structures  depend  ere: 

1.  Mature  of  the  soil  and  its  engineering  properties 

2.  Stress-strain  characteristics 

3.  Geometry  of  the  problem 

4.  Stress-distribution  in  soils 

The  structures  in  uhleh  displacements  need  to  be  competed  are: 

1.  Footing  foundation 

2.  File  foundation 

3.  garth  dam 

A.  Laterally  loaded  pilaa 

5.  Retaining  structures 

A  technique  for  computation  of  settlements  of  footing  foundations 
has  been  ll>ili)il  by  Pradesh,  Saras  and  Saras  (1977).  this  is  based  on 
the  (1)  determSnetloo  of  stress-strain  characteristics  from  triaxlal 
teste  end  (2)  stress  computation  from  elastic  theory,  fibs  stress 
distribution  below  the  fasting  in  send  and  clay  was  ssswpH  such  that 
compatibility  conditions  of  diapis  e  senate  below  the  rigid  footing  wen 
satisfied. 

A  send. -empirical  method  for  rnmpwflng  displecameata  of  earth  dsns 
under  earthquake  conditions  has  been  ptepaedd  by  Maensrtr  (19*3)  end 
Seed  (1940). 

In  this  paper,  qwmstloos  bf  sinelatlag  geometry  by  a  staple 
math  east  leal  medal  and  limltetlooa  of  a  lapis  but  needed  practical 
solutions  have  been  dlecueeed. 


Session  TA-3:  STABILITY  OF  PTHAMICAL  STSTKMS 


2:00  - 

2:30  - 

3:00  - 

3:30  - 
4:00  - 

4:30  - 

4:45  - 

5:00  - 


Organizer  end  Chairperson:  V.  V.  AMS,  Georgia  Institute 

of  Technology 

Co-Chairperson:  T.  6.  TRDCANO,  Saadis  National  Laboratory 

2:30  E.  F.  INFANTE,  National  Science  Foundation  and  Brown 
University : 

"Liapunov  Functions  of  Sons  Dynaalcal  Syateae" 

3:00  N.  CHAFEE,  Georgia  Institute  of  Technology: 

"The  Electric  Ballaat  Resistor" 

3:30  H.  A.  LEVINE,  Iowa  State  University: 

"An  Analysis  of  Surfactant  Induced  Surface  Notion  on 
the  Interface  of  a  Toning  Droplet" 

4:00  REFERS!— NT  BREAK 

4:30  W.  F.  AMS,  Georgia  Inetitute  of  Technology: 

“On  Wave  Propagation  In  Viscoelastic  and  Vis  coplastic 
Materials" 

4:45  M.  PODOMKI,  Rensselaer  Polytechnic  Institute: 

"Stability  of  Integral-Differential  Syateae  Arising 
tram  Nuclear  Reactor  Dynanics" 

5:00  K.  R06TANXAI,  The  Pennsylvania  State  University: 

"Nonlinear  Diffusion,  Monotonldty  of  Solutions,  and 
the  Effect  of  Convexity  of  the  Hons In" 

5:15  M.  NAHLLAR0  and  A.  RSDABLLI,  Unlverslta  dl  Bari,  Italy: 
"Non-Linear  StAblllty  of  the  Circular  Coustte  Flows  In 
Anisotropic  M.H.D." 
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AN  ANALYSIS  OF  SURFACTANT  INDUCED  SURFACE  NOTION 
ON  THE  INTERFACE  OF  A  FORMING  DROPLET 


Howard  A.  Levine 
Department  of  Mathematics 
Iowa  State  University 
Iowa  50010 


Burkhart  and  Poonawalla  have  observed  regular  surface  flow 
patterns  on  the  interface  of  forming  droplets  when  the  droplet  phase 
la  laaiacible  in  the  adjacent  phase.  In  this  talk  we  shall  discuss 
their  experimental  results  and  Indicate  how  one  could  have  expected 
such  results  by  analysing  (qualitatively)  the  equations  of  mass 
transport  in  the  surface  and  the  surface  stress  balance  equations. 
The  analysis,  while  relatively  elasmtary,  yields  surprisingly  good 
agreement  with  experiment. 


ON  WAVE  PROPAGATION  IN  VISCOELASTIC 


VISOOPLASTIC  MATERIALS 


William  F.  Anas 
School  of  NattMSMtlcs 
Georgia  Institute  of  Technology 
Atlanta,  Georgia  30332 


One  dimensional  problems  of  tha  titla  are  deecrlbable 
by  the  system  equations  pv  -  o  -  0,  e  -  v  -  0,  ot  -  f(e,o,  c 
•  0,  with  appropriate  Identification  of  tha  Variables.  Group  w 
analysis  is  amployad  to  charactsrlts  all  thoss  functions  which 
ara  laft  invariant  under  the  dilatation  end  spiral  groups.  Three 
exact  solutions  ara  constructed  and  the  paper  closes  with  an 
algorithm  for  solving  tha  general  invariant  problem. 
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FOQM  MUCLEAR  REACTOR  MMttCS 


Michael  ftedoaelcl 

IWni’twnt  of  Peel ear  Eaglnae Hag 
Rensselaer  Pelytadmic  Institute 
Trey,  Pew  fork  TEW 


The  subject  of  the  paper  concerns  stability  analysis  Per  a  class  of 
Integral -differential  systems  with  infinite  tine  lap-  The  MM  applied 
In  the  analysis  constitutes  aa  erteeslee  of  the  2nd  etthed  of  Liapunov, 
and  Is  based  on  a  new  concept  of  stability.  Maly,  new  definitions  for 
stability  have  bean  Introduced,  refer r1n§  not  only  be  the  naaaltnda  of 
Initial  trajectories  bet  to  that  of  their  dOrHmtlvns  os  art!.  Cooce- 
oueatly.  the  Hair  stability  theoraa  fhnatletad  far  the  class  of  tystoas 
«dar  coMlderatlee  aaptoys  a  Uapoaae  feactlaaal  deflaad  for  all  haw- 
dad  and  contlaaaaa  functions  having  beaadad  and  piecewise  cowtlaaaas 
first  derivatives. 


The  approach  disc 
of  stability  In  been 
arising  fran  nee  tear 
system  has  been  lava 


has  ffnawaa  my  aaafel  fa  the  analysis 
of  Initial  pa  rtw  Outlaw*  for  syitsaa 
males,  la  parti cvlor.  the  following 


*  •  fO4*)  - J f(t-P)[*<t)  -  x<t)]dd 

*iare  f  fr(x  Jtt)  Is  a  caasel  time  Invariant  feactlaaal .  Haw  criteria 
for  asyaptotlc  stability  of  tho  solatloa  x<t}*0  of  the  atom  aquation 
have  been  established.  These  criteria  cm  be  effectively  used  to  evalu¬ 
ate  allowable  damelos  of  Initial  pmrtartotloas.  anserlwg  convergence  to 
the  steadp  state  for  the  perturbed  trajectories. 

To  Illustrate  practical  usefulnees  of  the  proposed  nethod,  selected 
easMlee  here  heeo  discussed,  dealing  with  seat  specific  fans  far  the 
fmctlonal  f. 


■EMM  DIFFUSION,  MOWTONICm 
OF  SOLOTICHS,  AX)  THE  EFFECT  OF  CONVEXITY 
of  ra  DOMAIN 

lotttsltt 

Depertaant  of  Mathematics 
PMnillvuU  Stats  ttfMtUtjr 
University  Pack,  PA  1SS02 

Tbo  equation  du/dt  »  4i»(|Vu|*”Hu),  ■  >  1,  describes  diffusion 
in  a  nedlum  «km  Cha  dif  fuslvlty  dapanda  on  tba  (radiant  of  tha 
concentration,  aaa  Sarrin  (4,  {S3]  for  a  discussion  in  connection 
with  boat  conduction.  Tha  spreading  of  biological  populatiooa  can 
also  be  ralatad  to  thia  type  of  aquation,  aaa  Curtin  and  HacCaay  13] 
for  a  cloaa  variant.  Ho  hawe  atudiod  in  (1,2)  tha  larga-tlaa  behavior 
of  aoiutiona  of  this  aquation  undor  various  conditions.  In  particular 
for  tba  Hounaan  boundary  value  problw,  with  anil  data  on  tba  boundary 
of  a  bouadad  region  2  la  a!1,  an  obtain  tba  following  raaults.  Lot 

ii*ilp  danota  tha  nora  la  L*(2) ,  1  S  p  S  ♦  •,  and  lot  Ug(x)  -  u(x,0), 

and  a  «  tbo  average  of  «^(x)  in  2.  Than  aa  t  -*  •  tba  solution 
u(x,t)  converges  to  a  and  tbo  gradlaat  Vu(x,t)  approaches  aaro, 
uniformly  in  2.  Moreover,  tha  doeay  of  gn<*  ,t)  *  agp  la  nonotona 
In  clan  for  all  p,  whilo  gVu(‘,t)Rp  in  nonotona  in  general  domains 
only  uban  p  ■  a  +  1.  In  fact  by  a  judicious  doles  of  2  «n  can 

hava  HVu0H.  »  1,  and  liVu(- ,08^  arbitrarily  largo  at  sons  tins  t  -  t. 

(goto  hounvar  that  Vu  eventually  goaa  to  aaro  anyway). 

In  contrast,  wa  also  show  that  if  2  la  convex,  than  HVu(* ,t)Ip 
is  nonotona  for  alb  p,  including  »  •♦». 

1.  N.D.  Allbahea  and  ft.  boot  oaf  aa.  Lower  bound  estimates  and  separable 
solutions  for  bonoganooua  aquations  in  Banach  apace,  J.  Dif f .  Bqa. 
43(1982) ,  to  appear. 

2.  N.D.  Alikakoa  and  ft.  Boataniaa :,  Cradlaot  ost lattes  for  degenerate 
diffusion  squat  Iona,  I,  Math.  Anaalan,  to  appear. 

3.  M.E.  Curtin  and  ft.C.  MseCemy,  On  the  diffusion  of  biological 
populations,  Itoth.  Bloscl.  12(1977),  33-39. 

4.  J.  Sarrin,  Matbonatical  Principlat  of  Classical  Fluid  Mechanics, 
Handbuch  dor  Pkyslk,  VXXX/1,  8pr Inga r-Ver  lag,  Barlia,  1939. 
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On  C.  MOWS,  University  «1  Hissouri-toll* 

2*15  J.  1.  SOMOTT,  Odwnity  of  HLwmrl  Polls: 

"Dm  Practical  ihratifiaUi  of  a  Paat  Trpnaalnn  Claud 


2*30  J.  L.  MIWI,  JE.  and  l>  t  Kll,  tWitnity  of 
Wlaoniirl  tellsi 

"A  Caolad  Mall  Expansion  Cload  Chsabar  for  Producing 
Slow  Adiabatic  Eapansloos  la  Afno spheric  Stadias" 

2*45  n.  AAQORS,  Oalawraita  da  Talaarloanoa,  Praocs: 
"Tharnedynwric  Cycle  at  haclprocstlag  lataraal 
Oslaatlau  Snglaao  with  Cnapraaaad  Air  harp  *tora»s" 

3*00  C.  M  il  11— Ml .  S.  C.  BASAK,  S.  K.  IT,  J.  3.  CM0SB, 
Calcutta  University*  A.  S.  SOI,  Jodavpnr  Qalsaraltjr, 
Idiot 

"Oraph  Thaaratlcal  Invariant  mi  Thunadyuauic  Property* 
A  QBA*  Study  at  Alcohols" 

3*15  M.  I.  SCOTT,  lbs  university  at  Tawaaaaa* 

"Taylor  Colons  Saoaals  la  a  Bap Idly  Aotatlag  Eight 
Circular  Cylladar" 

3*30  P.  K.  SATIS  and  C.  I.  C0UHAI,  Sowthara  Illinois 
Dal  varsity: 

"Plow  and  Paslgn  Characteristics  of  the  Syd rocy  cions" 

4*oo  mnw  max 

4*15  L.  X.  AMS,  JJU,  University  of  Florida  and  X*  S.  ESSO, 
Jt.,  Uol varsity  of  Mtaaowrl  Ilia: 

"Oo  Stokes'  and  Ooaon'a  Sanations" 

4*50  M*  SAUSUL,  University  of  Arlaana  and  M.  C.  B0SMCI, 
latnabnl  Tstbnleal  University: 

**Qnanl-Tariorians1  Prlnclplns  for  Tlaeowa  Iaoaaprunolhlo 
FloH” 


4*45  «.  SAMBO,  MRTA,  Aloarla* 

"Study  at  a  Fluid  Saturated  Porous  —par* 
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THE  PRACTICAL  THERMODYNAMICS  OF  A 
FAST -EXPANSION  CLOUD  CHAMBER 
J.  L.  Schnitt 

Department  of  Physics  and 
Graduate  Center  for  Cloud  Physics  Research 
University  of  Missouri-Rolla 
Holla,  MO  65401 

This  psper  describes  the  achieveaent  of  an  adiabatic 
expansion  with  a  precision  Wilson  cloud  chamber.  The  fol¬ 
lowing  topics  will  bo  discussed:  the  expansion  of  the 
cloud  chaaber,  the  neasurenent  of  the  thernodynanic  condi¬ 
tions  in  the  chaaber,  the  practical  design  end  control  of 
the  device,  and  its  application  to  the  fomstion  of  droplets 
in  the  study  of  hoaogeneous  nuc lest ion. 
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ItemrfpwU  cycle  of  reciprocating  internal  coobuetion  enginee 
with  coaprsssed  air  energy  etorage 

fit.  ttQDIS,  Profeeeor 

Ecole  Rationale  Supdrieur*  d'lngdnlsurs  de  Hdcaniqwe  at  d'Baergdtique 
Univeraitd  de  Valenciennes,  Le  (font  Houy,  59326  FdURCBHHtS  CROC  F1ARCE 

In  I860  LEROIR  /I >2/  invented  the  gee  engine  with  electrical  ignition. 
Two  years  later,  SSdB  de  ROCHAS  /2,3/  act  ant  the  principle  of  the  four 
ecroke  cycle  with  prel  iainary  c  depress  lea  nintnxe,  which  waa  carried  in¬ 
to  effect  in  1863  by  ORO;then  in  1893  DIXS8L  /2,4/  conceived  the  engine 
with  themodynanic  ignition  of  the  ninture.  Because  of  ita  poor  qualities 
LEHCtR'e  cycle  ie  today  ignored  to  the  adoewf ga  of  the  two  other  cyclee 
and  the  nixed  cycle  /2/  which  ie  nearer  to  tic  veal  cycle  of  reciproca¬ 
ting  interna}  coobuetion  enginee.  We  have  roanluaf  the  energetic  data 
of  I0OIR'a  two  ctroke  cycle  by  lotting  the  gee  /$/  eonaidered  na  per¬ 
fect  gee  inoto  the  cylinder  after  ieothanie  ccngreeeion  and  etorage  in 
a  reservoir  followed  by  e  reheating  frae  the  exheuet  geeee  (Fig.  t). 
let  stroke  i  1  to  2  <  conpreteed  gee  intake  (preeeere  f.)  previeuely 
reheated  froa  ekbaast  gee  ;  2  to  3’  t  heat  added  at  cone tent  volant  ; 

3'  to  3  t  heat  added  at  const ent  preaadee,  the  preeeere  being  the  naei- 
eua  allowed  by  the  angina  5  3  to  4  1  reversible  end  adiabatic  expansion 
of  gas.  2nd  ettolce  s  4  to  9  >  opening  of  Wh— I  valve  j  5  to  6  «  far¬ 
cing  beck  oi  gae. 

The  efficiency  of  siseba  cycle  (ne)  ie  the  ratio  heteeee  on  the  one 
heed  the  noth  on  the  piatee  (ML>,  ead  ea  the  other*  the  own  of  the  heat 
release  Q  deriag  the  pheeee  2-3*  and  3'-3  and  of  iaothewel  work  (Ij 
which  is  eeeeaeery  to  the  gee  eanptnssiaa  n  •  I  /(QHLj . 

The  work  (WJ  obtained  with  UHKUR'e  cycle  lev  a*  iatafeo  preeeere  h  of 
30  bare(43S  rel)C|phad  the  efficiency  of  this  cycle  (V>  (Fig.  3)  talar 
tive  to  the  gi  owe  trie  retie  *  between  the  aorta—  vela—  of  the  eylie- 
der  ead  the  coobuetion  vole—  ere  better  thee  the  work  and  effi¬ 

ciency  of  the  HAU  de  80CHAS,  DII«t  and  nixed  cyclm  (respective  cor¬ 
vee  >,  B,a)  relative  to  the  volu— trie  ccapressioe  retie,  identified  in 
this  instance,  with  the  gee— trie  ratio  s.  The  isothermic  compression 
of  air  in  the  reservoir  ie  assented  deriag  the  1—  electricity  csasi— - 
ties  hours  by  a  ceagreeeor  cooes  ctod  to  —  sloe  trie  —tar.  At  peek 
sloctricigr  cb— option  hoars,  the  perfon— ca  coefficient  (Cm)  of 
UROU's  aagiee  represents  the  retie  heewaen  the  «— fc  roeeltthg  fr—  the 
expo— i—  gee  proceeeee  lx  the  cylinder  (Re)  and  the  energy  provided 
ie  the  feta  of  fuel. 
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On  Stokes'  Md  Osean's  Equation* 
L.  E.  Johns,  Jr. 

Department  of  Chemical  Snglnsaring 
University  of  Florida 
Gainesville,  FI  32611 

and 

X.  B.  Bead,  Jr. 

Department  of  Chemical  Engineering 
University  of  Misaouri-Kolla 
Rolls,  MO  65401 


The  Hsvier-Stokes  equation  la  Invariant  under  trans¬ 
formation  of  Inertial  frames  but  otherwise  has  the  usual 
corrections  from  the  Coriolis  thaoram.  Linearisations  of 
the  Navier-Stokas  aquation  In  an  Inertial  frame  and  In  a 
rigid  frame  In  relative  motion  lead  to  corresponding 
equations:  in  the  former  the  Stokes  aquation  results,  in 
the  latter  the  Stokea  equation  with  Coriolis  correction*. 
Conversely,  if  the  Stoke*  equation  Is  transformed  from  an- 
inertial  frame  to  a  rigid  on*  in  relative  motion,  a 
generalised  Osean  equation  results. 
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QUASI-VARIATIONAL  PRINCIPLES  FOR 
VISCOUS  INCCSffRESSIBLE  FLUIDS  * 

Nesrin  Sarigul  and  M.  Cengiz  Dokneci 
University  of  Arizona  and  Istanbul  Technical  University 

This  paper  presents  certain  quaal-variat tonal  principles 
which  are  desirable  in  obtaining  approximate  solutions  to  the 
initial-end  boundary-value  prohlans  of  Incnsgireaslble  fluids. 

To  begin  with,  the  principle  of  virtual  power  is  stated  and 
then  it  is  used  to  deduce  a  one-field  variational  principle  of 
viscous  fluids.  The  principle  generates  the  Euler  equations  of 
notion  and  the  associated  natural  traction  boundary  conditions, 
and  it  contains  the  rest  of  the  fundamental  equations  as  con¬ 
straints.  These  constraints  conditions  are  relaxed  by  aeans  of 
the  dislocation  potentials  and  Lagrange  multipliers,  and  hence 
the  unconstrained  qnasi-variatlenal  principles  are  formulated 
in  e  systematic  manner  for  inviacid  and  viscous  incompressible 
fluids.  The  first  unconstrained  variational  principle  la  shown 
to  generate,  aa  the  appropriate  Euler  equations,  all  the  funda¬ 
mental  equations  of  vlaesos  Incompressible  fluids,  that  is, 

Che  equation  of  continuity,  the  equations  of  motion,  the  kine¬ 
matic  and  constitutive  relations,  the  natural  traction  and 
velocity  b eidary  conditions,  and  the  natural  initial  conditions. 
Further,  aporlal  caaaa  of  the  unconstrained  qoaai-varlational 
principle  are  studied  and  the  quant  ■vsristioil  principle 
operating  eu  the  velocities  and  Its  reciprocal  principle,  and 
the  qeasl-varlational  principle  operating  on  the  pressure  of 
viscous  fluids,  and  the  qoaal -variational  principle  of  ideal 
fluids  axe  given.  Lastly,  a  brief  discussion  of  the  variational 
principles ,  their  ca^p  orisons  with  certain  earlier  variational 
and  quusl-varlatloael  principles,  and  a  aaed  of  future  research 
for  the  subject  are  presented. 


1.  Thomson,  V.,  Cambridge  Dub.  Hath.  J.,  4,  90-94  (1849). 

2.  Millikan,  C.B.,  Phil.  Nag.,  ]_,  641-62  71929). 

3.  Plnlayson,  B.A. ,  The  Method  of  Weighted  Residuals  and 
Variational  Principles,  Acsdsalc  Press,  Bow  York  (1972). 

4.  Oden,  J.T.  and  Baddy,  J.B.,  Variational  Methods  in 
Theoretical  Mechanics,  Springar-Varlag,  Berlin  (1976). 

3.  Tie  rati,  B.P.,  J.  Mathematical  Phya.,  9,  14*5-51  (1968). 

6.  Count,  1.  and  Hilbert,  D. ,  Methods  of  Mathematical  Physics, 
Vol.  1,  In tsr science ,  Hew  York  (1969). 

7.  Curtin,  M.E. ,  Arch.  Batiooal  Machs.  Anal.,  16,  34-90  (1964). 
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9.  Debase 1,  M.C.,  1st.  J.  Engag.  8ci.,  18,  431-48  (1980). 

10.  Nmogia,  C.A.,  Acta  Hschsnlca,  J£,  1-70  (1979). 

11.  Rarigwl,  I.  and  Dokneci,  K.C. ,  J.  Aeouat.  Soc.  Marc.,  68, 

8116  (1980)-. 

•All  r.B—ilrorioas  regarding  tbs  paper  should  be  mailed  to  the 
address:  "Dotmwcl,  Istanbul  Teknik  Onlveraitaai,  P.K.  9,  Istanbul, 
Turkey" 
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STUDY  OF  A  FLUID  SATURATED  POROUS  DAMPER 


Mohamad  Damou 

Laboratory  of  Structural  Mechanics 
Enlta  PO  Box  17 
Bordj  El  Bahrl  Algiers 
Algeria 

This  work  presents  a  theoretical  and  experimental  study  of  a 
fluid  saturated  porous  damper.  The  squeleton  of  the  damper  is  elastic, 
the  liquid  filling  the  pores  is  viscous  and  the  system  stiffness  is 
pneumatic.  The  damping  ratio  depends  mainly  on  the  fluid  viscosity 
and  the  medium  porosity.  The  use  of  such  a  damper  is  to  reduce  the 
absolute  transmiasibility  over  the  whole  frequency  range.  Depending 
upon  the  operating  conditions  of  the  system,  one  can  choose  the 
appropriate  parameters  to  obtain  the  desired  values  of  transmissibility. 

In  this  paper  vibration  isolation  provided  by  such  a  damper  is 
presented.  The  analysis  has  been  limited  to  the  case  of  an  unidirect- 
lonally  loaded  damper.  The  fluid  and  the  squeleton  of  the  damper  are 
assuaied  to  have  the  same  constant  temperature .  A  simplified  approach 
is  presented  using  operational  calculus  for  deriving  the  problem 
solution.  Analytical  results  are  compared  with  experimental  data. 

The  Drop  Shaped  Tank 

Dr.  A.  B.  Sofoluve 
University  of  Legos 
Mathematics  Department 
Akoka-Lagos 
Nigeria 

The  drop  shaped  tank  is  a  shell  of  constant  strength 
used  on  land  for  storing  drinking  water  or  liquified 
petroleum  ges  (LPC).  in  offshore  oil  exploration,  it  is 
sometimes  necessary  to  store  crude  oil  in  containers  due 
to  bad  weather  that  may  prevent  the  transportation  of 
the  same  by  tankers  onshore  for  refining.  In  this  paper, 
the  possible  use  of  the  drop  shaped  tank  for  storage  in 
an  underwater  environment  will  be  discussed.  Some  results 
obtained  to  date  will  be  presented.  Future  developments 
will  also  be  discussed. 

1.  R.  Royles,  A.  B.  Sofoluve,  m.  M.  Baig,  A.  J,  Currie 

Behaviour  of  Underwater  Enclosures  of  Optimum 
Design",  STRAIN,  16,  12-20  (1980). 

2.  A.  B.  Sofoluve,  R.  Royles,  0.  Ibldapo-Obe 

"An  Improved  Nwerlcal  Approach  to  the  Analysis 
of  the  Bchlnodome",  Mach.  Raa.  Com.,  8(4),  237- 
243  (1981). 
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GRAVITY  HAVES  DOE  TO  A  PERIODIC  SURFACE  PRESSURE 
OM  A  SLOPING  BEACH 


Krlpeslndhu  Chaudhuri 
Department  of  Hath— tics 
Jadnpwi  University 
Calcutta  -  700032 
ladle 


In  this  paper,  the  linearised  two-dimensional  problem  of  water 
waves  due  to  a  surface  pressure  of  the  form  f (x>  exp  (lwt)  H(t), 

H(t)  •  Heaviside  Unit  Function,  has  bass  explicitly  solved  for  a 

beach  of  slope  angle  ir/2q,  q  ■  1,2,3 .  This  involves  tbs  solution 

of  s  Fredholm  integral  equation  of  the  first  kind  by  nsana  of  a 
generalized  Fourier  transformer Inn.  A.  set  hod  of  finding  the  c  nag  late 
asymptotic  expansion  of  the  surface  displacement  over  different 

possible  ranges  of  large  time  sad  distances  is  illustrated  foe  q  -  2.  j 

For  a  certain  class  of  pressure  distributions,  the  gradual  attainment 
of  a  steady  state  is  shown  to  take  place  throughout  the  fluid.  The 
average  rata  of  tr anemias ion  of  energy  by  the  pressure  system  is 
calculated  in  the  steady  state  and  It  is  shown  that  no  energy  is 
transmitted  through  the  fluid  la  the  steady  state  at  certain 
frequencies.  This  phsnamsnan  of  sero  energy  radiation  has  also  baas 
noted  by  Sratenakii  (1963),  Morris  (1974)  and  Stoker  (1966). 


References: 


Stoker,  J.J.  (1966)  Motor  Haves,  Intersclence ,  Mas  York. 
Sretanakii,  L.N.  (1963).  Pridtl.  Mfeth.  MKk.  27,  1012. 
Morris.  C.A.N.  (1974)  Proc.  Camb.  Phil.  Son.  76,  345, 
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NOBILITIES,  REUSABILITIES  ADD  NOKLIMEAR  MODELS 
OF  ATMOSPHERIC  DYNAMICS 

Peter  Nwoye  0.  Mbaeyl 
Div.  of  Theoretical  Chemistry 
University  of  Tuebingen 
D-7400  Tuebingen  1,  W.  Germany 

This  paper  develops  nonlinear  models  of  atmospheric  dynamics  as  an 
application  of  nonlinear  field  theory  (see  Mbaeyl  'Nonlinear  Field 
Theory  of  Measurable  Energy-Matter  Aggregations'  expected  to  appear 
In  1982). 

The  first  step  Is  to  transform  the  four  dimensional  space-time  of 
atmospheric  dynamics  Into  a  three  dimensional  space-time.  This 
transform  has  the  following  advantage:  It  facilitates  the  direct  Incor¬ 
poration  of  land/ sea  -  air  masses'  Interactions  Into  the  consideration 
of  atmospheric  dynamics,  or  alternately  of  the  (outer)  space  -  air 
meases'  Interactions  (e.g.  high  energy  particle  bombardments  of  the 
atmospheres) .  The  lest  case  will  be  defined  by  an  inverse  question. 

The  next  step  la  to  Introduce  a  hierarchy  of  deneity  functionals 
representing  a  quantisation  of  atmospheric  variables  and  parameters, 
which  leads  eventually  to  systems  of  coupled  nonlinear  equations.  Of 
particular  Interest  la  this  second  stop  are  the  aggregation  patterns 
and  the  nonlinear  boundary  (layer)  processes  which  define  the  associated 
gradient  balances  and  their  affects  on  atmospheric  layerings.  In 
addition,  attention  Is  paid  to  the  distributed  nonlinear  terms  (repre¬ 
senting  spatial  Inputs)  which  affect  the  atmospheres. 

The  concepts  of  mobilities  and  ralaxabllltlas  (arising  out  of  the 
development  of  nonlinear  field  theory  and  defined  as  functions  of 
'measures  of  fluidity  of  aggregations')  are  briefly  introduced,  and  used 
to  derive  the  basic  equations  of  atmospheric  dynamics  subject  to 
Internal  gradient  balances.  These  are  then  extended  to  other  transient 
cases.  Including  models  for  atmospheric  turbulence  etc.  Brief 
(stability)  analysis  of  each  class  of  models  Is  Included. 


ASSTMCT 


LEAST  SQUARE  TAIAM6LE  METHOD  EM  SURVEY  I  AG 


•y  IMA  ‘M.  ALI 

Oepartnent  of  Statistical  A  Actuarial  Sciences 
University  of  Western  Ontario,  London ,  Ontario,  Canada 


Suppose  that  the  abject  of  a  survey  is  the  -Uetenei nation  of  the  co¬ 
ordinates  (x,  y)  of  a  fixed  point  Q  which  is  either  inaccessible  or  msuitable 
for  placing  iwstr— ants,  if  Q  is  abssruad  f-roe i  two  points  A  and  0,  and  the 
co-ordinates  of  A  and  B  as  sell  as  the  -angles  tMQ  and  l*SQ  ore  date  ruined, 
then  (x,  y)  can  he  easily  deteroiaad.  Waweuer,  if  0  is  at  a  seaoihat  Moderate 
distance  f  roe -A  and  ,B ,  slight  oaper  lean  tat  errors  in  the  ooosaraoant  of  the 
angles  result  in  highly  unreliable  esttaecas  of  <x,  y). 

To  ouercaae  this  -difficulty,  it  Is  pcapeeed  that  n  pairs  of  points 


(A,,  dj),  ....  (An,  ,  n  2  2  be  ae  aboaan  that  Ay*jQ  hr  I  ■  I,  n 
are  colliaaar  and  the  co-acdlnatas  Of  the  2n  paints  be  dntaralnad.  tat 
A^  be  the  square  of  the  area  Of  the  triangle  A^Q.  Me  ally.  A*  ahauld  ague! 
zero;  hawevar,  the  -errors  of  aaaaaraaant a  d»f -.the  su  oedlaaaai  ofAj ,  0(  Mould 


result  in  Afg:’Q  to  he  a  triangle.  o(  »■ 

of  x  and  y.  It  is  proposed  that  in,  y) 
2  2 

A,  +  +  A  .with  reape ct  to  x pad  y . 


is  aosily  soon  to  he  a-gaadratic  function 
)  ahauld  he  datenslaed  by  sdndeticlng 


f 
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STOOASTICS  HfflVTIil,  CM IBS  AMD  IMS 
Am.ICATtOM  VM  IMS  1M0BM  MB  CAPTOMC  GAM 

M.  Bl-Arahaty 

S3,  I  1  M— taaaatr— « 

Heliopolis,  Cairo,  l0f( 

The  Differential  gana  wan  fine  it«4M  la  laaaca 1  pioneering  way 
la  a  aariaa  of  hand  corporation  mm raalt  that  appeared  la  1*54,  tot 
tho  rules  for  hia  detemlalatlc  game  for  bock  players  aoro  ato  both 
of  that  know  tba  proaont  atata  of  tha  gana  and  how  It  proceeds. 

Lot  x-(x., x,, x_)  bo  a  r  actor  la  tha  tool  laclideaa  apaco  (I*), 

(t)  doootoa  tha  tarn  and  (c)  to  a  flood  r agios  la  (t,a)  apaco.  Tho 
atata  of  tho  gana  at  (t)  la  gioaa  by  «(t)  and  la  dot  ami  and  by  a  oyoton 
of  dlfforoatlal  equations  which  can  to  given  la  tho  vac  tor  font 

da/dt  “  f(t,x,u,v)  and  Initial  condition  x(t  )  •  « 

o  o 

a  (■  Cfi  *"  ,  uf  0£If  ,  udT  (TS1* 

At  tlao  (t)  whan  playar  (J  )  chooaoa  u(t)  ha  dona  not  baow  that  (i2)  chooooa 
v(t)  and  vlco  voraa.  Tha  Question  What  ora  tho  lafermtiom  available  for 
(Jj)  and  (Jj)  and  how  do  tho  iafomatlona  flow? 

To  nodal  tho  Iafomatlona  flow  'A.  Frledaon* ,  I.  Planning',  't. J. 
Illlott',  *P.  Voroiyo*  and  'I.  toxin'  dlacnaaad  opp rortno ting  differ- 
ontlal  inn  by  considering  for  any  latagor  (a),  a  partition  of  tha 
gam's  tins. 

Tho  roooarch  for  tho  gaos  of  tracking  and  capture  waa  fomulatod  whan 
(F)-tha  pursuar-is  anarch! ng  for  tha  evador<S}  above  or  below  his  flight 
plana  by  a  height (R)  nolag  a  tracking  syaton  to  capture  (B)la  (1'a) 
plana,  par  all  leant  data  of  Of)  and  (K)  chare  are  Patent  anawor  idtlch 
can  to  given  byt  -  Tha  probability  of  capture  at  each  tine'  of  tho  gam. 

-  The  probability  of  capture  corresponding  to  tha  distance  be two  an  (K) 
and  the  terminal  surface  of  tho  gam. 

loforoocoo 

1.  IL-ASAIAXY,  M. ,  "Matbanatlcal  Modelling  of  Laaer  Gam",  3rd  lat. 

Conference  on  Math.  Modelling,  Calif orals,  1981. 

2.  gh-AgtIATT,  M. ,  "Laser  Syatm  and  Their  Optlnal  Control", 

Tronsodlnga  of  tha  28th  Annual  Meeting  of  the  Society  for 
General  System  laaearcb  with  AAAS,  pp.  1068-1071,  Washington, 
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A  HIGHER-ORDER- ACCURATE.  COMPACT  DIFFERENCING  SCHEME 
FOR  STEADY  NAVIER-STOKES  EQUATIONS  IN  „ 
ORTHOGONAL  CURVILINEAR  COORDINATE  SYSTEMS 

Ramesh  X.  Agarwal** 

McDonnell  Douglas  Corporation 
St.  Louis,  NO  G3166 


ABSTRACT 

A  fourth-order-accurate,  compact  differencing  scheme,  based  on  the 
method  of  Allen  and  Southwell,'  Is  proposed  for  the  solution  of  three- 
dimensional  steady  Navler-Stokes  equations  In  orthogonal  curvilinear 
coordinate  system  U.n.c)-  The  schene  Is  compact  In  the  sense  that  In 
one  dimension,  only  three  nodes  are  required  to  obtain  the  fourth-order 
accuracy.  In  contrast  to  the  standard  schema  which  requires  five  nodes. 

The  compact  difference  equations  are  derived  by  using  the  compact 
relations,  first  suggested  by  Krelss,  between  the  function  f  and  Its 
derivatives  (fr,  fn,  f,.  frj,  f™,  fw).  The  solution  of  the  compact 
difference  equations  Is  obtained  by  suceesslve-over-relaxatlon.  The 
scheme  Is  applied  to  computing  the  laminar  flow  In  a  curved  pipe  end  the 
flowfteld  of  a  routing  sphere  at  low  Reynolds  number.  Higher  accuracy 
Is  achieved  on  a  coarser  mesh  than  that  required  with  second-order  methods 
for  achieving  the  same  accuracy. 


*1Ms  work  was  supported  by  McDonnell  Douglas  Independent  Research  and 
Development  program, 

"scientist,  McDonnell  Douglas  Research  Laboratories. 

Vilen,  0.  N.  DeS.  and  Southwall,  t.  V.,  "Relaxation  Methods  Applied  to 
Oetemlne  the  Motion  in  Two  Dimensions  of  a  Vtacous  Fluid  Past  a  Fixed 
Cylinder,"  ((wort.  J.  Much.  Appl.  Nath.,  Vol.  8,  1955,  pp.  129-145. 


ITERATIVE  SOLUTION  OF  COMPRESSIBLE 
FLOWS  USING  FINITE  ELEMENT  METHOD 


A.  Abdelhallm*  and  A.  Ecer** 

Purdue  University  at  Indianapolis  | 

Indianapolis,  Indiana  j 

i 

ABSTRACT 

The  study  of  three-dlaenslonal  compressible  flows  around  a  body 
with  complex  geometry  needs  a  computational  effort  proportional  to  the 
the  size  of  the  employed  computational  grids.  A  detailed  understanding 
of  three-dimensional  flows  generally  requires  a  large  number  of  grid 
points,  and  computer  systems  of  large  capacity.  The  efficiency  of  the 
solution  Is  closely  related  to  the  Iterative  scheme  used  In  obtaining 
such  solutions.  The  purpose  of  this  study  Is  to  develop  a  fast  solver 
which  minimizes  the  storage  requirements  and  the  computation  time.  The 
solver  Is  general  In  a  sense  that  It  can  handle  Irregular  grids.  The 
method  uses  a  Green  function  to  distribute  the  residuals  over  an  element, 
and  the  Iterations  are  continued  until  the  residuals  vanish  In  all  elements. 

Since  the  Information  needed  for  the  Iterations  are  only  at  the  element 
level,  this  reduces  the  required  storage  considerably  and  avoids  the  decom¬ 
position  of  a  global  matrix. 

Solutions  are  obtained  for  various  values  of  the  free  stream  Mach 
number.  The  numerical  results  obtained  are  being  verified  by  comparing 
with  the  available  data.  Also,  the  history  of  the  convergence  of  the 
numerical  solution  for  both  compressible  and  transonic  flows  Is  Investi¬ 
gated. 


i 

i 
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NEVXSH  or  HI0BER-O*DB8  METHODS  FOR  SOLUTION  OF 

ncasMsaa  viscous  flons 


by  K.N-.  Ghia  and  U.  Ohio 

Department  of  Aerospee e  tegin—rlag  and  Applied  Mechanics 
University  of  Cincinnati.,  Cincinnati,  Ohio  45221 


For  2-0  inccsspresaible  viscous  flows,  the  discretisa¬ 
tion  of  the  continuous  flow  problems  has  generally  been 
achieved  using  conventional  three-point  finite  difference 
schemes,  leading  to  nn  algebraic  system  which  is  tri- 
diagonal.  Careful  hplawntstlan  of  these  schmeae  in  the 
nuawrical  solntiom  procedure  oen  lead  to  uniform  emcond- 
order  accuracy  for  both  tmpotal  and  spatial  coordinates 
with  uniform  amah,  nmmever ,  complex  viscous  flowe  of 
engineering  interest  often  require  the  solution  of  problems 
with  irregular  bounder  tee,  high  Reynolds  number ,  derivative 
boundary  conditions,  etc.  Vigorous  research  far  the  lest 
several  years  is  a > beep Hug  to  address  seam  of  these  dif¬ 
ficulties  end  bus  provided  an  impetus  to  the  development 
of  higher  order  —  rlosl  methods  with  the  significant 
a  five  stages  of  rmdnoiag  tbs  overs  11  amah  sine,  i.s. , 


but  still  providing 
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NUMERICAL  METHODS  FOR  STEADY 
FLOWS  OF  FLUIDS  WITH  MOMMY 

David  S.  Malkus 
Department  of  Mathematics 
Illinois  Institute  of  Technology 
Chicago,  II.  60616 


ABSTRACT 

Finite  Element  methods  for  solving  steady- flow  problems  Involving 
fluids  with  single-integral  constitutive  equations  have  been  developed 
[1,2].  Early  work  Involved  the  simple  (and  not  entirely  satisfactory) 
"Maxwell  model".  This  paper  shows  how  the  techniques  proposed  in  refs. 

1  and  2  can  be  employed  to  solve  problems  with  stress-strain  laws  derived 
from  chemical  kinetic  theories.  Numerical  results  using  the  Dol-Edwards 
and  Curtlss-BIrd  equations  In  a  variety  of  flow  geometries  will  be  pre¬ 
sented. 

References 

1.  B.  Berstein,  M.  K.  Kadlvar  and  D.  S.  Malkus,  Comp.  Math.  Appl.  Hcch. 
Engnq,.  27,  pp.  279-302,  1981. 

2.  M.  Vlrayuthakorn  and  B.  Caswell,  J.  Non-Newtonian  Fluid  Mechs.,  7, 

pp.  245-267,  1980.  “ 
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Session  TA-6:  BIOWtCHAMICS 
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"Had  Blood  Coll  Cssastry" 
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ABSTRACT 


RED  BLOOD  CELL  GEOMETRY 


H.  Westcott  Vavo 
Mathematics  Department 
University  of  Toledo 
Toledo,  Ohio  43606 


Expressions  are  presented  for  the  volume,  cross-sectional  area, 
surface  area,  and  circumference  of  the  red  blood  cell  based  on  a  model 
oeometry  using  the  Oval  of  Cassini.  Derivations  are  discussed  and 
literature  cited  as  these  expressions  are  not  readily  accessible. 


The  case  for  the  "sphering"  cell  Is  presented  via  examination 
of  Its  volume  relation.  Various  values  of  the  geometric  parameters 
are  given  for  a  range  of  normal  red  blood  cell  dimensions. 


RELATION  OF  FREQUENCY  AID  AMPLITUDE  OF  TIC  SECOt®  SOUND 

TO  PROPERTIES  OF  THE  AORTIC  AID  PULMONARY  VALVES 

AM)  VENTRICULAR  HEMODMWMICS 

Paul  D.  Stein,  M.D. 

Henry  Ford  Hospital 
Detroit,  Michigan  48202 


The  second  heart  sound  is  caused  by  vibration  of  the  closed  aortic 
and  pulmonary  valves.  The  intensity  of  the  aortic  and  pulmonary  compo¬ 
nents  of  the  second  sound  depends  upon  (1)  the  distensibility  of  the 
respective  valve,  (2)  characteristics  of  the  valve  materials  that  tend  to 
dampen  vibrations,  (3)  the  mass  of  the  valve,  (4)  hemodynamic  factors  that 
participate  in  causing  the  valve  to  distend  and  vibrate,  (5)  the  viscosity 
of  the  blood  and  its  ability  to  inhibit  diastolic  valve  motion,  (6)  the 
size  of  the  aorta  and  the  ventricle,  (7)  the  ability  of  the  walls  of  the 
great  vessels  and  ventricles  to  absorb  or  reflect  sound  energy,  and 
(8)  the  transmissibility  of  sound  to  the  chest  wall.  Numerous  factors 
interact  that  modify  these  variables.  Recognition  of  the  interaction  of 
these  physical,  physiological  and  anatomic  factors  contributes  to  a 
meaningful  interpretation  of  auscultation  of  the  intensity  of  the  second 
heart  sound. 

The  primary  hemodynamic  variable  related  to  the  driving  force  produc¬ 
tive  of  valve  vibration  is  the  rate  of  change  of  the  pressure  gradient 
that  develops  across  the  closed  valve.  The  pressure  gradient  across  the 
valve  at  the  moment  of  valve  closure  also  may  affect  the  amplitude  of  the 
second  sound.  Both  depend  largely  upon  ventricular  negative  dp/dt. 
Ventricular  negative  dp/dt  is  a  measure  of  isovolundc  relaxation.  In  a 
sense,  therefore,  the  driving  force  for  valve  vibration  depends  an 
isovolunic  relaxation. 

Valve  characteristics  vary  with  age,  size  of  the  patient,  and 
disease.  Differences  between  size  and  distensibility  of  the  aortic  and 
pulmonary  valves  contribute  to  differences  of  the  Intensity  of  the  aortic 
and  pulmonary  components  of  the  second  sound.  In  equations  that  describe 
valve  vibration  and  sound  due  to  valve  vibration,  It  is  important  to 
enphasize  that  the  equations  describe  effective  mass.  This  includes  the 
mass  of  the  blood  in  the  region  of  the  valve.  Failure  to  consider  the 
effective  mass  misled  some  previous  investigators  into  believing  Chat  the 
energy  of  vibration  of  the  valve  would  be  insufficient  to  produce  audible 
sound. 


The  frequency  of  vibration  of  the  aortic  and  pulmonary  valves,  and 
consequently  the  frequency  of  the  second  sound  relates  to  the  stiffness  of 
the  valve,  t  *  effective  mass,  and  the  damping  force  coefficient.  Changes 
of  stiffness  to  have  greater  effects  than  proportional  changes  of  mass  of 
the  valve.  The  diameter  of  the  aorta  was  shown  to  have  no  effect  upon  the 
frequency.  Hemodynamic  factors  that  affect  the  amplitude  of  the  second 
sound  also  have  no  effect  upon  the  frequency. 

In  conclusion,  the  intensity  and  freqjency  of  the  second  sound  can  be 
interpreted  on  the  basis  of  the  various  factors  that  affect  valve  vibra¬ 
tion,  keeping  in  mind  that  the  transmission  and  absorption  of  sound  In  the 
body  also  play  a  role. 
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VIBRATION  ANALYSES  Of  ATRIO- VENTRICULAR  VALVE  LEAFLETS  CONTRIBUTORY  TO 

CARDIAC  AUSCULTATION 

J.  Mazumdar,  T,  Hearn  and  D.N.  Ghista 
Applied  Mathematics  Department 
University  of  Adelaide ,  Adelaide,  Australia 
Depts.  of  Medicine  A  Engineering  Physics 
KcMaster  University,  Hamilton,  Ontario,  Canada 

Hear  sounds  result  from  vibrations  of  cardiac  structures.  However, 
improved  interpretation  and  application  of  phonocardiograaa  requires  under 
standing  of  the  relative  contributions  to  the  heart  sound  content  of  the 
vibrating  cardiac  structures,  in  order  that  the  characteristics  of  the 
relevant  components  of  the  heart  sound  be  correlated  to  the  properties  of 
the  vibration  of  cardiac  structures. 

The  equation  of  motion  of  the  valve  membrane  is  of  the  type 
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wherein  (1)  the  terms  represent  inertial,  viscous  damping,  elastic  and 
driving  forces,  (11)  P,  arising  from  ventricular  contraction,  is  qh(i) . 

The  solution  to  this  equation  is  found  using  the  normal  mode  expansion  in 
terms  of  the  eigenfunctions  of  the  associated  free  vibration  problem. 

Interpretations  of  the  computed  displacement  and  velocity  responses 
provide  explanations  for  phenomena,  such  as  diminished  sound  production  in 
a  poor  contracting  ventricle  and  due  to  valve  leaflet  calcification,  a 
louder  first  heart  sound  associated  with  higher  membrane  velocity  response 
and  for  the  first  heart  sound  being  predominantly  of  left-sided  origin. 

It  will  also  be  shown  how  the  membrane  property  can  be  assessed  from  the 
response  characteristics . 


ELECTROMECHANICAL  COUPLING  IN  THE  GASTROINTESTINAL  (GI)  SYSTEM 

S.  H.  teddy  and  E.  E.  Daniel 
Department  of  Kaurosclences,  McMaater  University 
Hamilton,  Ontario,  Canada  L8M  3Z5 

The  normal  GI  motility  involves  miming  and  propelling  the  ingested 
meal  along  the  GI  tract  so  as  to  facilitate  the  intestinal  absorption  of 
nutrients,  electrolytes,  water  etc.  This  is  achieved  by  various  patterns 
of  tonic  and  phasic  or  rhythmic  contractions  of  the  gut  wall,  tonic 
contractions  generate  a  steady  local  pressure  on  the  pit  lasting  several 
minutes  and  appear  to  be  unrelated  to  any  electrical  activity.  However 
the  phasic  contractions  are  contemporaneous  with  spike  bursts,  the 
occurence  of  which  la  controlled  in  time  and  space  by  omnipresent 
rhythmic  slow  wsve  oscillations. 

The  slow  wave  of  a  smooth  muscle  cell  is  characterised  by  e  resting 
membrane  potential,  a  depolarising  phase,  a  plateau  phase  superimposed 
with  or  without  spike  bursts  mod  repolarlclng  phase.  The  frequency  of 
the  slow  waves  in  humane  range  from  3  c/m  in  the  stomach  to  12  c/m  in 
the  email  Intestine.  Thus  the  earl  ana  rate  of  phasic  contractions  is 
the  same  as  the  frequency  of  the  alow  waves.  However,  the  one-to-one 
relationship  between  contractions  and  spike  bunts  is  by  ne  neaus 
universal  in  the  GI  system;  tbs  stomach  may  contract  due  to  an  increased 
plateau  phase  of  the  slow  wave;  the  colon  exhibits  no  definite  relation 
between  slow  waves,  spikes  sad  contractions;  and  the  sphinctsrlc  regions 
may  spike  contl neeusly  unrelated  to  the  oscillatory  activity. 

The  oscillatory  alow  waves  of  adjacent  cells  are  cmplad  to  each 
other  with  the  distal  one  lending  the  prmrlnsl  one  an  that  the  calls 
act  in  unison  in  generating  ms  rhami  rally  effective  coo  tractions.  The 
structural  and  functions!  heals  for  tbs  else tries!  coupling  appears  to 
bn  the  law  resistance  gap  junctions  among  the  mssotb  muscle  calls, 

Evan  though  the  stem  saves  arm  uyogsnir  lm-  nature,  theme,  amd-  in  turn 
the  contractions,  asm  also  undulated -by  nsuml  and  hcmorsl  factors 
specific  to  a  given  art  melon,,  each.  an.  an  ingsefed  material . 

In  conclusion,  ten  GL  syfs  per  an  Is  character! and  by  am  alectno- 
mechmniicel  coupling.  Thn  rhythmic  sloe  waves  behave  m  a  system  of 
coupled  relaxation  oscillators.  They  are  Integrative  in  function  in 
tent  they  appear  to  propagate  aborally  and  to  control,  in  time  and  space, 
ten  occurence  of  spike  bursts  and,  bancs,  contractions. 
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A  COMPUTERIZED  SPINE  VISUALIZATION  SYSTEM 


L.  T.  Cook,  A.  A.  DeSmet,  M.  A.  Asher,  M.  A.  Tar 1 ton,  S.  J.  Dwyer  III 
University  of  Kansas  Medical  Center 
Kansas  City,  Kansas 


He  have  originated  a  computerized  radiographic  aethod  for 
observing  and  recording  the  three-dinensional  coordinates  of  spinal 
landmarks .  Posteroanterior  and  posterior  oblique  radiographs  of  the 
spine  are  obtained  with  the  patient  standing  within  a  specially  con¬ 
structed  framework  which  also  holds  the  files.  Points  on  each  of  the 
three  files  are  digitized  using  a  sonic  digitiser  tablet.  Data  entry 
is  facilitated  through  the  use  of  interactive  color  graphics  data  entry 
program  which  proepts  the  entry  of  each  data  itae  and  records  the  data 
entered.  This  information  is  used  to  calculate  the  three ■ dleanalonal 
coordinates  of  spinal  landearks.  The  information  is  then  displayed 
as  a  stylised  spine  using  the  color  graphics  system.  Classical 
measures  of  scoliosis  are  calculated  and  displayed.  A  top  view  of  the 
spine  can  also  be  selected  and  viewed  with  this  system. 

More  than  100  patients  have  been  emmlned  using  this  system. 

Our  aim  is  to  examine  patients  over  time  for  scoliosis  progression 
and  other  changes.  Eventually,  we  hope  to  identify  factors  which 
are  expressed  in  the  shape  of  a  scoliotic  curve  and  are  indications 
of  future  progression. 

We  will  discuss  our  results  concerning  spinal  landmark  location, 
and  we  will  present  some  interesting  clinical  data. 


saaaioa  T*-n  umaaa  and  discontinuous  tronac 


Organizer:  C.E.S.  UEMG,  Georgia  Institute  of  Technology 
Chairperson :  A.  HAEMAL,  Tala  University 

Cn-Chalrperson:  F.M.  CUSBIBGHAM,  University  of  Hissouri-Kolla 
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Aaglaplled  Lanlnatas" 

•  2:10  -  1:00  S.  K.  CHATVKVKDI  and  C.  T.  SUN,  University  of  Floride- 
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Hoecovi 

"Storage  and  Loan  Moduli  in  Aligned  Discontinuous 
Folyner  Cons  a  sitae** 


*  1:00  -  3:10  T.P.  TU  and  S.S.  HUB,  University  of  IlllnoiB-Orbsea: 

“Rnergy  Release  Rates  for  Inter lsalnar  Free tore  in 
Coapoaite  Laminates’* 

3:30  -  4:00  COPFBK  BREAK 


*  4:00  -  4:30  J.M.  NANG,  Georgia  Inetltnte  of  Technology^  S.B. 

nans  end  L.  tf.  UU,  TnrtJisad  renrgjs  Causey: 
"BkSn/fdffnor  Interface  ttmaaes  in  Clhnpnalte 
Stiffened  Panels" 


4:30  -  4:45  J.  T.  PXRBBRA  and  B.  R,  KRAMWBKI.  University  of 

Hater  loo,  and  H.-J.  FINDBRA,  Material  Science  Corporation: 
"Interface  Stress  ee  in  Conpoelte  St  rue  tarns:  Analytical 

iM  kMorlMatal 


4:45  -  5:00  J.  V.  LAISSR3,  Coneolting  Kagiaaer,  CA: 

"Intralaminar  Stresses  in  Filament  Reinforced  Onginsltes" 

5:00  -  5:15  1.  A.  AMMON,  University  of  Manitoba,  f seeds: 

"Bsetbeehllag  Behavior  and  Secondary  BncBllng  of 
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A  THEORY  TO  PREDICT  LIFE/OURABIllTY  tN 
FIBER  COMPOSITE  ANBLEPLIED  LAMINATES 


Christos  C.  Chamis 
NASA  Lewis  Research  Center 
Cleveland,  Ohio 


ABSTRACT 


The  design  driver  for  strength-controlled  fiber  composite  structures  Is  life/ 
durability  In  general.  The  llfe/dirabillty  of  fiber  coaposite  angleplled 
laminates  Is  presently  determined  experimentally.  Though  the  experimental 
approach  Is  direct.  It  Is  not  generic  since  measured  data  from  one  angleplled 
laminate  Is  not  transferable  to  any  other.  In  addition,  the  experimental 
approach  becomes  thee  consualng  and  costly.  It  frequently  ties  up  manpower 
and  equipment  for  extended  periods  of  time.  Both  of  these  are  compounded  when 
the  life/durablllty  of  composite  angleplled  laminates  is  to  be  determined  in 
hygro thermal  (hot-wet)  environmental  conditions. 

On  the  other  hand,  a  theory  to  predict  the  life/durability  of  angleplled 
laminates,  based  on  measured  life/durabiltty  of  unidirectional  composites 
(plies)  is  general  and  applicable  to  any  angleplled  laminates  from  the  same 
composite  system.  The  theoretical  approach  has  the  additional  advantage  that 
It  can  be  based  on  constituent  materials  using  composite  micromechanics.  The 
objective  of  this  paper  is  to  describe  a  theory  far  predicting  the  life/ 
durability  of  fiber  composite  angleplled  laminates  s*Jected  to  hygrothermo- 
mechanical  loadings  (cyclic  loads  in  hot-wet  environments). 


The  theory  is  based  on  recent  developments  at  the  lewis  Research  Center  for 
predicting  the  life/dirability  of  unidirectional  composites  using  static, 
room-temperature,  dry  data.  The  non-dimensional  generic  equation  for 
predicting  the  life/ desirability  of  uaidirect tonal  composites  is  simply  given 
by  the  following  equation: 


(1) 


where  S  Is  the  desired  life/durablllty;  S0  is  the  reference  static  stress 
determined  at  roam  temperature  (T0)  dry  conditions;  Tw  is  the  glass 
transition  temperature  of  the  composite  at  the  anticipated  wet  condition; 
T«d  the  glass  transition  temperature  of  the  dry  composite;  T  is  the 
anticipated  use  temperature;  B  Is  the  cyclic  load  degradation  coefficient  and 
N  is  the  anticipated  nuaber  of  cycles.  The  degradlation  coefficient  has  the 
following  values  for  graphite-fiber/epoxy-matrix  composites:  0.02  for 
longitudinal  tension  cyclic  loading,  0.07  for  longitudinal  compression  and 
0.10  for  transverse  compression  and  intrallmanar  shear. 


Equation  (1)  is  used  In  a  combined-stress  failure  criterion  to  predict  the 
life/durablllty  of  uiidtrect tonal  composites  subjected  to  combined  hygrother- 
momechanlcel  loadings.  The  combined-stress  strength-criterion  is  then  used  in 
conjunction  with  laminate  theory  and  ply  stress  Influence  coefficients  to 
predict  the  llfe/dur ability  of  angleplled  laminates.  Sifcsequently,  the  theory 
is  extended,  using  Flndly's  Theory,  to  Include  possible  viscoelastic  behavior 
and  its  effect  on  life/durablllty.  A. so,  reference  is  made  on  how  to  base  the 
theory  at  the  constitwnts  materials  level  using  appropriate  composite 
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ABSIMCT: 


It  la  fairly  known  tkat  fiber  relgforoed  polyaar  ceapoeltee  adhibit 
significantly  grantor  tamraal  dnaplng  |1 ,2]  than  the  conventional  structural 
act  ala.  Onwaiar,  -the  yataatlal  Car  significant  tapraaaaawt  add  optimisation 
of  deeping  la  thane  art  am  aatarlala  has  act  bean  fully  maltuad.  fda  taper 
describe#  meant  analytical  and  anperlannhel  effaces  to  dafeacadae  the  affects 
of  fiber  aayect  ratio,  fiber  spacing,  aad  the  viscoelastic  yrafart laa  of 
constituent  aatarlala  an  damping  aad  stiffness  of  aligned  discontinuous  fiber 
rainforaad  polymer  matrix  composites.  fee  different  analytical  aodtb  show 
that  Chens  la  aa  ayflaaa  fiber  aspect  ratio  far  asrfaaa  damping  that  changes 
with  change  in  the  ratio  ef  fiber  extern tonal  leas  factor  to  matrix  sheer  loss 
factor.  If  this  ratio  is  lass  than  1/3,  predicted  apt  Uses  fiber  aspect 
ratios  lie  in  the  range  of  actual  aspect  reties  far  dhidbare  aad  aicrof lbera , 
otherwise  a  coatiauoas  ratatoroeasnf.  will  adhibit  war  lass  leaping. 

Wrperlaaaadl  item  -far  1  glee  a /epoxy  aad  gtegdrt>a/e>«idr  apsclaaae  am  preaaatad 
for  neaparlano  with  predict  leas. 


,  t.  f. . 
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ENERGY  RELEASE  RATES  FOR  INTERLAMINAR  FRACTURE 
IN  COMPOSITE  LAMINATES 


by 

T.  P.  Yu  and  S.  S.  Wang 

Department  of  Theoretical  and  Applied  Mechanics 
University  of  Illinois 
Urbans,  IL  61801 


Abstract 


Interlaminar  fracture,  also  called  delamination,  la  one  of  the 
moat  unique  and  frequently  encountered  failure  modes  In  advanced  com¬ 
posites.  It  generally  results  fro*  the  Inherently  weak  interlaminar 
strength  along  a  ply  interface,  high  stress  concent rat Iona  at  geometric 
boundaries,  and  laperfact  bonding  between  dissimilar  composite  laminae. 
Recent  studies  on  the  interlaminar  crack  behavior  have  led  to  proposed 
fracture  mechanics  teats  for  evaluation  of  interlaminar  fracture  tough¬ 
ness  of  fiber-reinforced  composites.  The  presence  and  growth  of  de lam¬ 
ination  may  cause  significant  failure  problems  such  aa  stiffness  reduc¬ 
tion  and  structural  disintegration.  Fracture  characterisation,  reli¬ 
able  design,  and  analyses  of  advanced  composites  require  batter  under¬ 
standing  of  the  fundamental  natura  of  delaal nation  and  the  astablish- 
aent  of  suitable  failure  criteria  for  prediction  of  Initiation  end 
growth  of  interlaminar  cracks. 

The  nature  of  delaadaatloo  la  well  recognised  to  ho  eery  coop las. 
It  la  basically  a  fracture  problem  Involving  crack  or  dabood  between 
two  highly  anisotropic,  fiber-coeposlte  lead nee  under  a  couples  atete 
of  st rasa.  In  this  paper,  e  study  is  conducted  on  the  evaluation  of 
energy  release  rates  of  interlaminar  fracture  behavior  in  fiber- 
reinforced  composite  laminates.  Rased  on  different  lntnrlemlnsr  frac¬ 
ture  mechanics  models  recently  developed,  fonatlatlons  sod  solution 
schemes  of  the  problem  wee  pros  sat ad.  Fracture  mechanics  paraamtara 
such  as  G.,  C-J,  G„r  and  RT,  R.r,  K.„,  are  determined.  Effects  of 
material  nonlinearity,  geometric  and  laniaatioo  variables  on  inter¬ 
laminar  fracture  mechanics  are  reported,  la  the  nonlinear  part,  the 
order  of  atreas  singularity  near  the  crack  tip  is  obtained  by  using  on 
asyaptotic  expansion  method.  Nonlinear  interlaminar  stress  Intensity 
factors  and  associated  strain  energy  release  rates  are  evaluated  and 
compared  with  those  la  a  linear  case.  Numerical  solutions  by  using  a 
finite  element  method  are  also  obtained  for  Independent  Chech.  Impor¬ 
tant  lnpll cations  on  the  physical  behavior  and  mathematical  models  of 
the  composite  fracture  problem  art  discussed. 
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Jeans  Ting-Shun  Wang 

School  of  Engineering  Science  and  Mechanicc 
Georgia  Institute  of  Technology 
Atlanta,  Georgia  30332 


Sherrill  g.  Blggera  and  Ling  V.  Liu 
Advanced  Structures  goportaonf 
Lockheed -Georgia  Cnnpony 
Marietta,  Georgia  30063 


Separation  of  etiffenere  from  the  akin  (writ)  is  one  of  the  nejor 
failure  nodes  to  be  considered  in  the  design  of  canposite  stiffened 
panels.  This  tendency  to  separate  nay  result  free  surface  loads  on  the 
akin  or  fran  stresses  developed  in  peat  buckled  skins.  The  purpose  of 
this  study  is  to  panpoae  an  analytical  nodal  and  a  solution  nethod  which 
allow  direct  r imputation  of  stresses  at  the  skin/stiffoner  interface  as 
1  well  as  related  defamation  and  stresses  In  the  skin  end  stiffener  plates. 

The  physical  nodal  consists  of  a  stiffener  flenge  and  the  portion 
of  the  akin  directly  attached  to  the  stiffener.  The  two  r opponents  ere 
treated  as  separate  orthetropic  plates  rowrsrted  by  an  elastic  isotropic 
layer.  Stresses  in  the  interface  layer  are  treated  as  surface  loadings 
on  the  plates.  The  Aim  plate  is  subjected  to  edge  loading  along  the 
free  edge  of  the  atiffensr  plate,  and  the  general  analysis  accounts  for 
the  affect  of  inplons  preload log- 

Tor  experimental  verification  of  the  nodal,  an  enact  eolation  for 
e  one  iHnenelonel  nodal  with  tdenriral  akin  and  stiffener  platan  has  bean 
obtained,  end  asm  results  will  bs  presented.  United  svpsrinsntsl  results 
agree  nail  with  the  analytical  solutions.  Analytic  si  rweults  imHrato  that 
the  peek  stxeaaes  end  the  hssndsry  leper  nones  containing  peek  nomel 
Interface  a  trees  near  the  landtag  larartana  am  act  aanaitim  to  the  width 
of  the  nadel. 

Per  the  general  too  dtnens tonal  nodal,  a  weighted  residual  procedure 
is  used  in  On  analysis.  Inplena  and  trots  wares  diepl  scianants  for  each 
plate  coupled  tlnii#  the  interacting  interface  etr eases  raptssented  bp 
appropriate  ante  of  srthagsnel  functions  are  Hrmt  solved  in  tarns  of  ua> 
known  coafftrisnts  far  Mbs  stresses .  These  unknown  coefficients,  snbat- 
|  quantly  itetenslwnd  by  repairing  pent  Inn  tty  in  diaptnsansnCa  of  Che  tn 

plates  through  the  interface  layer,  allow  direct  saspwf  sMsn  of  Interface 
stresses .  Ac  the  ants  of  ocnrdinctc  funrtisns  used  in  both  direct ioas 
ere  ccnplete,  wall  k Shewed  solutions  cm  anticipated.  Furth sconce,  the 
integration  procedure  for  Mae  weighted  residuals  with  ceordincte  functions 
uosd  sc  the  weighting  ftmnM  ms  sen  be  syctsncttnslly  per  famed,  end  the 
gcncrsl  expressions  of  the  slmcntc  of  tfac  issfflniint  nctrin  of  tbs  re¬ 
sulting  eye  tan  «f  slgabrsir  oguotloos  can  be  explicitly  established . 

Those  desirable  features  allow  the  analysis  to  be  easily  and  systsnnticelly 
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INTERFACE  STKESSBS  IE  COWOSITE  STRUCTURES : 
ANALYTICAL  AJTD  EtPEIIMUTTAL  APPROACHES 


Jsrsy  T.  Pindars,  Bog  dsn  K.  Irmowkl 
Department  of  Civil  Engineering 
University  of  Voter  loo 
Waterloo,  Ontario.  Canada.  H2L  3G1 


Marek-Jerry  Plodara 
Malarial  Sciences  Corporation 
Ouynedd  Plata  11.  Sprint  Honan,  Pennsylvania,  U.S.A. 

Interlaminar  atraaaaa  In  lanlnatad  structures  coos  true  tad  of  ao- 
callad  advanced  eoapoalta  aatarlala ,  which  arise  because  of  al snatch  in 
notarial  proportloa  of  dlffarontly  oriented  lead  non,  can  be  raepcaaible 
for  early  dalanl nation  failures.  Various  authors  have  shown  that  under 
certain  load lot  condltloaa  thaaa  atraaaaa  arc  reatrlctad  to  a  ana  11 
region  In  the  vicinity  of  the  free  adt*.  This  boundary  layer  region  la 
characterised  by  high  valitaa  af  the  out-of-plaae  s trees  coaponaato  that 
in  sona  caaaa  suggest  singular  behaviour  along  laminae  interface  at  the 
free  edge. 

So  far,  no  satisfactory  axparlnantal  nethods  have  boon  develop  ad 
to  detamine  the  Interface  stress  states  because  of  Inherent  experluen- 
tal  difficulties.  -  A  coaprahanalva  ravlaw  of  eaperlaumtal  Investiga¬ 
tion#  of  ca^oslte  aatarlala  has  bean  praa anted  by  I.M.  Daniel. 

The  not hod  of  laodynae  recently  developed  by  J.T.  Pindars  and  co- 
workers  allows  to  detendne  all  the  stress  eouponenta  acting  on  n  glean 
cross-section  directly  without  recourse  to  say  stud  11 sty  elastic  rela¬ 
tions.  This  nethodology  therefore  appears  particularly  wall  awl tad  for 
determination  of  boundary  layer  characteristics  in  optically  transparent 
layers  of  a  lanlnatad  structure  which  are  observable  from  a  point  out¬ 
side.  the  configuration. 

The  difference  In  vsluae  of  Poisson  ratios  of  lanlnatad  pllaa  nr 
layers  la  recognised  najor  parameter  Influencing  the  Interface  atraaaaa 
and  particularly  the  peal  atraaaaa.  Accordingly,  the  dependence  of  tha 
Interface  stress  coaponanta  on  tha  ala  natch  of  Polaaon  ratios  in  tha 
range  tron  0.02  to  0.36  (0.36)  la  anal, sad. 

Senate  of  References 

III  I.  J.  Salomon,  "An  Assessment  of  the  Interlaminar  Stress  Problem  In 
Lanlnatad  Couposltas",  J.  Opposite  Materials  Supplement,  14(1980), 
177-194. 

[2]  I.  M.  Denial,  "Photos  las  tic  Investigation  of  Cooposltae",  Ins  Hech- 
anlca  of  Conaoalta^M^tarlala .  edited  by  G.  P.  Sandackyj,  Academic 

[3]  J .  T.  Plndara,  "Analytical  Poundatlons  of  the  laodyna  Photoalaatidey" 
Mechanics  Research  Cesmuni cations ,  8(1981),  391-397. 


' '  j  •, .  j*... 


i  -  •  . 


-  v  -  •  f ■  .*:?**:*■  ■  -  cr 

- - - - v...*  -  *-•  ••  •• 


'  ,  A  .  ,'L  •  **  * 

*  v  .  ■  w'  Vi £'■*  - 


t 


INTMUKUMft  STRESSES  IN 
FHJMBfT  REINFORCED  COMPOSITES 

John  M.  LMbert 
18815  Milton  Drive 
61andors,  Californio  91740 

ABSTRACT 


A  solution  Is  found  for  tNo  stresses  between  two  equal  thick¬ 
ness,  finite,  rectangular  1  Ml  nee  whose  fllewents  are  oriented  at  plus 
and  Minus  the  sane  angle  f  to  the  «  axis  end  the  pair  is  subjected  to 
a  unifora  neraal  stress  In  the  x  direction. 

The  selvtlen  satisfies  3  dheenslenal  egull  Ihrlw  equations  and 


POSTBOCKLZS  BIHA  Tin  AS)  SBCOMDABX  BO  CKL  IK 

or  cckfosr*  runs  vmts  biaxial  lqadik 


HAMDY  A.  A8H0UR * 


ABSTRACT 


This  work  prwiBti  u  analysis  for  the  p os t- primary - 
buckliag  and  secondary  buckling  problems  of  generally 
orthotropio  laminated  rectangular  plates  and  or  biaxial 
compression  with  simple  aapport  boundary  oondltiona . 

Baaad  oa  tho  aaalyals,  two  eaaputor  programs  called  CMC? 
(Classical  Buckling  Hodos  for  Coaposite  Platoa)  a ad  SBC? 
(Second ary  Buckling  of  Coapoalto  Platoa )  bare  boon  developed. 
Bf- 45  d oak- top  ecaputora  have  booa  uaod  to  raa  CMC?  aad 
SBCP,  aad  to  automatically  prodneo  roquirad  curves. 

■aeries!  roaalta  aro  proaoatod  for  inotropic  aa  wall  aa 
ooapoolte  laaiaatod  platoa.  for  square  inotropic  platoa 
aador  axial  ocaprooaioa,  tho  results  of  tho  praaaat  analy- 
aia  coaparo  favorably  with  previous  solutlona.  tho  praaaat 
roaulta  auggoat  that  oaoh  of  tho  aapoet  ratio,  biaxial 
eoapraaalva  load  ratio,  laainaa  aatorial .  and  laaiaao 
orloatatlon  aaglaa,  haa  aa  apparent  affect  on  tho  primary 
buckling,  post- primary- buckling,  aad  aooondary  buckliiw 
bohavlora  of  simply  aupportad  rectangular  platoa.  Such 
fact ora  hava  to  an  taken  into  coaa  id  oration  whenever  aa 
optlaua  design  for  each  plates  is  sought.  Baaed  on  the 
praaaat  roaulta,  a  aiapla  design  criterion  has  bean 
proposed  for  simply  supported  inotropic  or  composite 
laminated  rectangular  platan  under  biaxial  compression, 
whoa  they  are  used  in  tho  poot-priaary-buokling  range. 


*  Assistant  Professor,  Department  of  Aeronautical  engineer¬ 
ing,  Cairo  University,  Cairo,  ^ypt.  Currently  with  tho 
Department  of  Mechanical  engineering.  University  of  Manitoba, 
Winnipeg ,  Manitoba,  Canada.  Oa  leave  from  Cairo  University. 
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DETECT ABILITY  OP  STRUCTURAL  FAILURES  IH  OFFSHORE  PLATFORMS 
ST  VISRATIOH  MOMITORIHG 

R.  Co ppolino  «nd  S.  Rubin 
The  Aerospace  Corporation 
2350  El  Segundo  Boulevard 
El  Segundo,  CA 

Historically,  underwater  vlaual  examination  by  divers  has  been 
employed  to  aonitor  the  structural  Integrity  of  fixed  offshore  platforms. 
Alternative  approaches  for  inspection  are  being  sought  to  lessen  the 
cost  and  hazard  of  diver  operations,  especially  in  deep  and  hostile 
waters.  During  the  past  five  years,  government  sponsored  efforts  have 
been  conducted  by  the  Aerospace  Corporation  on  vibration  aonltorlng  as 
a  potential  inspection  method.  Analytical  and  experimental  feasibility 
studies  have  led  to  a  novel  scheae,  flexibility  aonltorlng,  which  has 
the  ability  of  locating  individual  structural  aaaber  failures.  Field 
tests  are  currently  in  progress  to  demonstrate  and  refine  the  flexibility 
monitoring  technique. 


MONITORING  OF  DAM  INTEGRITY  BY  TESTING  AND  ANALYSIS 


M.  W.  Dobbs  .  P.  Ibanez 

Forensic  Science  Assoc.  *”  ANCO  Engineers,  Inc. 

9937  Jefferson  Blvd. 
Culver  City,  CA  90230 


Daa  Integrity  and  den  safety  have  always  been  a  major  concern  of 
regulatory  agencies  and  research  agencies.  However,  a  number  of 
failures  and  near  failures  of  major  dams  have  prompted  intensified 
measures  for  dam  inspection  and  safety  assessment.  In  response  to 
these  intensified  needs,  the  National  Science  Foundation  awarded  two 
grants  to  ANCO  Engineers,  Inc.  (ANCO)  to  dynamically  test  and  acousti¬ 
cally  analyse  concrete  dams.  The  purpose  of  this  program  was  to 
complement  traditional  techniques  for  inspection  and  damage  assessment. 

The  basic  premise  of  this  program  was  to  monitor  the  dynamic  and 
acoustic  emission  properties  of  the  arch  during  periodic  forced 
vibration  tests  and  to  relate  changes  in  these  properties  to  changes 
in  the  Integrity  of  the  arch  and  the  foundation  and  abutment  regions. 
Changes  in  the  dynamic  properties  (decreases  in  resonant  frequencies) 
would  be  a  strong  indicator  of  global  damage  (reduction  in  stiffness) , 
while  changes  in  the  acoustic  properties  (increases  in  acoustic 
emissions)  would  be  a  strong  indicator  of  local  damage  (regions  of 
cracks  and  zones  of  high  stress). 

To  investigate  the  application  of  the  method,  ANCO  conducted 
research  in  forced  vibration  testing  of  concrete  dame,  in  acoustic 
emission  analyses  of  concrete,  in  finite  element  dynamic  analysis,  and 
in  Bayesian  estimation  for  parameter  identification  and  damage  assess¬ 
ment.  The  forced  vibration  tests  were  done  using  single-unit  and 
dual-unit  eccentric  mesa  sinusoidal  shakers.  Force  levels  up  to 
0.556  Ml  (125,000  lbf)  mere  used,  and  crest  response  levels  of  0.01  g 
were  stained.  In  all  the  tests  the  resonant  frequencies  were  identi¬ 
fied,  the  response  shapes  were  napped,  the  critical  damping  ratios 
were  estimated,  and  the  acoustic  amissions  were  monitored.  Three 
concrete  dame  in  California  were  tested. 

The  results  of  the  forced  vibration  tests,  the  dynamic  analyses, 
and  the  Bayesian  estimation  anayses  for  paranetar  Identification  are 
discussed  la  the  present  paper.  The  major  conclusions  Include 
(1)  forced  vibration  tests  and  parameter  identification  are  necessary 
for  finite  element  model  verification  and  accurate  safety  analyses, 
and  (2)  the  proposed  method  has  application  to  damaga  assessment 
after  extrema  loadings. 


ACOUSTIC  EMISSION  MONITORING  OF  SUBSURFACE  PHENOMENA 
INVOLVING  SEEPAGE,  GROUTING  AND  HTDROFRACTURING 

*»y 

Robert  M.  Koeruer  5  and  James  D.  Leaird^ 


Abstract 


The  acoustic  amission  method  is  a  nondestructive  tasting  technique 
whereby  stress  waves  which  are  gaaaratad  by  material  Instabilities  are 
sensed,  recorded  and  analysed  in  various  ways.  The  Missions  are  general¬ 
ly  sensed  by  a  pieaoelectrlc  transducer  which  results  in  a  wave  fora  that 
can  be  treated  by  standard  techalquaa.  Furthermore,  by  using  a  multiple 
channel  pickup  system  it  is  possible  to  source  locate  the  cause  of  the  In¬ 
stability  within  the  structure  itself.  It  is  this  aspect  of  source  loca¬ 
tion  which  la  the  focus  of  this  paper. 

The  material  system  of  concern  is  soil  which  has  an  Inf  ten  history 
of  falling  whan  seepage  occura  above  certain  levels.  When  this  occurs, 
the  usual  remedy  is  by  injection  grouting  of  low  viscosity  chemical 
grouts.  The  danger,  however,  is  that  high  grouting  pressures  can  cause 
tensile  splitting  of  the  soil  mass  (called  "hydrofracturing”),  oftentimes 
causing  more  damage  than  good. 

Each  of  these  mechanisms  (seepage,  grouting  and  hydrofracturing) 
create  nooequillbrlum  within  the  soil  mass  and  results  in  acoustic  amis¬ 
sions.  The  goal  of  the  project  is  to  locate  in  three-dimensional  real 
time  the  locus  of  these  events.  Using  this  Information,  the  seepage  can 
be  controlled,  the  grout  direction  monitored  and  the  hydrofracturing 
located  and/or  avoided. 

To  date,  both  large  scale  laboratory  monitoring  of  seepage  and  grout¬ 
ing  and  field  monitoring  of  grouting  have  been  performed.-  The  multi¬ 
channel  acoustic  amission  system  1s  functioning  and  currently  results  1m 
delay  times  between  Individual  arrivals  at  the  various  sensors.  Software 
programs  are  currently  being  developed  to  define  the  source  location  in 
three-dimensional  space.  The  system  will  eventually  be  fitted  with  a  CRT 
screen  so  that  a  real  time  graphic  output  will  result. 


^Professor  of  Civil  Bhgl  nearing 
Dr  axel  University 
Philadelphia,  PA  19104 

^Geotechnical  Research  Engineer 

Acoustic  Inission  Technology  Conference 
1812  J  Tribute  Road 
Sacramento,  CA  95815 
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A  DIGITAL  OPTICAL  TRANSDUCER 
TO  MEASURE  DISPLACEMENT,  STRAIN 
AND  FOR  INSPECTION  PURPOSES 

C.E.H.  Sng  and  W.P.T.  North 
Mechanical  Engineering  Department 
University  of  Windsor 
Windsor,  Ont.,  Canada  MSB  3P4 

An  optical  detector  utilising  Integrated  circuit  technology  to 
canbine  a  planar  light  sensor  with  amplification  and  triggering,  provides 
a  device  whose  output  frequency  is  a  function  of  incidant  light.  The 
detector  in  itself  is  an  analog  to  digital  converter  which  incorporates 
an  integrated  circuit  for  frequency  conversion.  The  variable  frequency 
output  of  the  detector  makes  it  ideal  for  numerous  applications  in  the 
areas  of  stress  analysis,  aerospace  and  automotive  industries,  robotics 
and  automation.  Bap laying  optical  techniques,  accurate  measurement  of 
displacement ,  strain  and  inspection  for  quality  control  was  conceived. 

When  using  the  principle  of  quoai-d If fraction  and  a  Be-Me  loner  as 
the  light  source  to  measure  small  strains,  resolution  of  2$  micros train 
was  achieved  for  a  gage  length  of  40ma.  The  "optical  digital  strain 
gage"  la  shown  to  have  high  sensitivity,  linearity  and  accuracy.  It 
is  unaffected  by  humidity,  temper at ure,  transverse  strain,  time  effects 
and  other  variables  affecting  the  output  of  electrical  resistance  gages. 
Furthermore  it  is  simple  to  use,  usable  in  hostile  conditions ,  inaapan- 
slve  and  is  a  form  of  non-contact  measurement  in  the  sense  that  thara 
ns ad  be  no  physical  connection  between  specimen  and  readout.  Also, 
digital  readout  provides  easy  interpretation  of  results. 

A  further  application  was  tasted  using  the  detector  for  qualifying 
bolts  for  proper  length,  diameter  and  the  presence  of  the  correct  thread. 


Session  FM-1 :  PERSPECTIVES  IN  THE  THEORIES  OP  ORIENTED 
MEDIA 

Organizer:  C.  DAVINI,  Univeraita  di  Pisa,  Italy 
Chairperson:  C.  CAPRIZ,  CWOCE/CNR,  Pisa,  Italy 
Co-Chairperson:  R.  S.  R.  OORLA,  Cleveland  State  University 

*  9:30  -  10:00  S.  C.  COWIN,  Tulane  University: 

"Some  Remarks  on  the  Development  of  Theories  of 
Oriented  Materials  1960-00" 

*  10:00  -  10:30  P.  PODIO-GUIDUGLI,  Univeraita  di  Pisa,  Italy: 

"Structured  Continue  from  a  Lagranglan  Point  of  View” 

10:30  -  11:00  COPPER  BREAK 

*  11:00  -  11:30  C.  DAVINI,  Univeraita  di  Udine,  Univeraita  di 

Pisa,  Italy: 

"An  Approach  to  the  Kinetmatics  of  Defect  in  Crystalline 
Solids" 

*  11:30  -  12:00  G.  P.  PARRY,  The  University  of  Bath,  England : 

"Phase  Changes  of  the  Plrst  Kind  In  Thermoelasticity" 

12:00  -  12:13  M.N.L.  HARAS  IMAM ,  L.  B.  ILCEWICZ  and  J.  B.  WILSON, 

Oregon  State  University: 

"Theory  of  Bilevel  Anisotropic  Elastic  Solida  with 
Nonlocal  Polar  Constitution” 

12:15  -  12:30  S.  DOST,  The  University  of  Calgary: 

"Propagation  of  Acceleration  Waves  la  Elastic  Dielectrics" 

12:30  -  12:45  L.  B.  ILCEWICZ,  M.N.L.  MABA8IMAN  and  J.  B.  WILSON, 

Oregon  State  University: 

"Macro  and  Micro  Material  Symmetries  in  Generalised 
Continue" 
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SOME  REMARKS  ON  THE  DCVELOPNOT  OF 
THEORIES  OF  ORIENTED  MATERIALS  1960-1980 

Stephen  C.  Cowls 

Department  o f  Bioawdlcal  Engineering 
Tulana  University 
New  Or lease,  LA  70118 

A  greet  deal  of  work  has  tarn  published  on  the  oontlnuua 
theories  of  oriented  Materials  in  the  twenty  year  period  f row 
1960  to  19804  A  wide  but  selective  aaseesaaat  of  theee  con¬ 
tributions  Is  undertaken  here.  Hollowing  a  short  historical 
Introduction,  and  a  presentation  of  the  basic  Ideas  and 
equations,  certain  aspects  of  the  general  theory  are  discussed. 
In  particular  the  nature  of  the  equation  described  as  the  "con¬ 
servation  of  mcrolnartla"  Is  critiqued.  Guidelines  for  the 
fotnulatlon  of  boundary  conditions  are  discussed.  The  appli¬ 
cability  of  these  theories  to  the  flow  of  liquid  crystals, 
blood,  suspensions  and  to  turbulent  flows,  stress  concentrations 
In  natals  and  bona,  composite  solid  materials,  granular 
aaterials  and  to  solid  Materials  with  saall  distributed  voids 
are  discussed.  Am  effort  la  Mads  to  extract  frees  these  two 
decades  of  literatura  soae  suggestions  for  good  practice  in 
the  foBMalatlon  of  oriented  continuum  Models  for  reel  materials . 


(1)  Goodtah,  M.A.  and  S.C.  Oowin,  A  OentlnuuM  Theory  for 

CraHular  Materials,  Arch.  Rational  Hsoh.  AMel. .  46. 
249-266,  1972. 

(2)  Cowin,  8.C.,  The  Theory  of  Polar  Fluids,  Advanoea  tn 

AMollwd  Mechanics.  «L*.  Tin,  «d.)  17,  274-3*7,  1974. 

(3)  Atkin,  R.J.,  S.C.  Cawln  and  I.  Fox,  On  ioundary  Conditions 

for  Fular  Ns  carls  Is,  g.  mm  Math.  Ptaa. ,  jft,  1017-1026, 
1977 . 

(4)  Cowin,  S.C.  and  F.H.  Laelle,  On  Clastic  Hasrgy  and  Maueata 

la  Coeseret  Continue,  2,  Axnaw.  Math,  flgu  2ft.  247-2W, 
1900. 

(5)  Nuaalato,  JJH.  and  S.C.  Oawla,  A  Non-Linear  Theory  of 

Elastic  Materials  with  Holds,  Arch.  Rational  Nsch,  Aael.. 
72,  173-201,  1979. 


-244- 


I 


f 

I 

\ 

! 


! 

S 


f 

i 


-  <*<f» 


I 


STRUCTURED  CONTI NUA  FROM  A  LAGRAMGIAM  POUT  OF  VIEW 


P.  Podio-Guidugli 
University  of  Pise,  Italy 


As  is  known,  the  standard  Lagranglan  formalism  for 
finite-dimensional  dynamical  systems  can  be  adapted  to  give 
theories  of  structured  continue  a  format  which  includes  macro 
and  micro  strain  and  stress  variables!  and  leads  effortlessly 
to  lay  down  an  appropriate  set  of  balance  laws. 

We  give  a  succinct  account  of  this  approach,  along 
lines  detailed  in  [1]  and  [2] ,  focusing  on  a  feature  which 
is  absent  in  classical  Lagranglan  dynamics,  namely,  that  the 
possible  distributions  of  internal  forces  are  restricted  by 
a  condition  of  vanishing  power  for  every  admissible  rigid 
virtual  velocity  field. 

The  theory  has  sufficient  generality  to  encourage  as 
special  cases  all  the  theories  proposed  so  far  to  cover  an 
amssingly  wide  range  of  applications.  Applications  of  the 
theory  to  liquid  crystals  and  to  elastic  rods  will  be 
described  in  some  detail. 


[1]  G.  Capris  and  P.  Podio-Guidugli ,  Materials  with  Finite- 

Dimensional  Structure  in  Mechanics  of  Structured  Media, 
Part  A,  pp.  255-268,  A.P.S.  Selvadural  Ed,,  Elsevier, 
19S1. 

[2]  G.  Capris  and  P.  Podio-Guidugli,  Structured  Continue 

from  a  lagranglan  Point  of  View,  forthcoming. 


AH  APPROACH  TO  THE  KXHtMAIlCS  OP  DEFECT  IN  CRYSTALLINE  SOLIDS 

Ceasare  Davlnl 

University  of  Udine,  Italy 


He  use  the  usual  body  of  tba  director  theories  of  continue 
to  describe  a  crystalline  body,  but  Interpret  the  dlrectore  as 
delivering  the  average  values,  on  the  nlcroscope  scale,  of  the 
lattice  vectors  which  define  the  notarial  call  on  the  atonic 
scale.  When  the  crystalline  texture  la  not  perfect,  it  la 
assuned  that  the  lattice  distortions  Induced  by  defects  such 
as  vacancies,  lnteretlclels  or  dislocations  are  adequately 
described  by  the  local  values  of  the  directors  and  their  curls. 

Under  the  assusqnlon  that  the  defects  do  not  change 


THEORY  OF  BILEVEL  ANISOTROPIC  ELASTIC  SOLIDS 
WITH  NONLOCAL  POLAR  CONSTITUTION 

by 

M.N.L.  Naraainhan 
Department  of  Mathematics 

L.B.  Ilcewicz 

Department  of  Forest  Products 
J.B.  Wilson 

Department  of  Forest  Products 
Oregon  State  University,  Corvallis,  OR  97331 


Abstract 


In  analytical  treatment  of  problems  involving  material 
behavior  from  a  generalised  continuum  mechanical  stand¬ 
point  one  is  often  faced  with  the  problem  of  incorporating 
different  forms  of  anisotropy  at  different  levels  of  micro 
and  macroscopic  aggregates  within  the  same  material.  In 
this  paper,  a  continuum  theory  of  anisotropic  elastic 
solids  incorporating  nonlocal  effects  of  its  micro¬ 
structures  is  so  developed  as  to  permit  analytically  the 
treatment  of  diverse  anisotropic  properties  at  micro  and 
macroscopic  levels.  In  order  to  Illustrate  the  mathe¬ 
matical  tenslopmnt  in  practical  applications  the  theory 
is  applied  to  the  case  of  materials  which  possess  ortho- 
tropy  on  the  microscopic  level  and  transverse  Isotropy 
on  the  macroscopic  level  as  such  situations  are  of  special 
relevance,  for  instance,  to  wood  and  wood  based  products. 
The  resulting  field  equations  are  solved  for  the  propaga¬ 
tion  of  plana  waves  in  a  bilevel  anisotropic  nonlocal 
micropolar  elastic  solid. 


PROPAGATION  OF  ACCELERATION  WAVES  IN  ELASTIC  DIELECTRICS 


Sadik  Do«t* 

Department  of  Mechanical  Engineering,  The  Univeristy  of  Calgary 
Calgary,  Alberta,  Canada,  T2N  1N4 


ABSTRACT 

In  the  paper  the  propagation  of  acceleration  waves  of  arbit¬ 
rary  fora  propagating  into  a  deformed  elastic  dielectric  with  polariz¬ 
ation  effect  is  investigated.  An  acceleration  wave  is  defined  as  a  sec¬ 
ond  order  propagating  surface  of  discontinuity  on  which  the  position 
vector,  the  polarization  vector  and  Maxwell  potential,  and  their  first 
order  derivatives  with  respect  to  time  and  space  coordinates  are  contin¬ 
uous  while  the  second  derivatives  of  these  quantities  may  suffer  Jumps 
but  are  continuous  everywhere  else.  By  computing  the  jumps  of  the 
balance  equations  on  the  singular  surface,  implicit  equations  for  wave 
speeds  corresponding  to  non-zero  amplitudes  of  acceleration  wave  are 
obtained.  It  is  noteworthy  that  the  jumps  of  the  second  order  deriv¬ 
atives  of  Maxwell  potential  are  also  continuous  across  the  acceleration 


The  sane  equations  for  wave  speeds  are  also  derived  for 
isotropic  elastic  dielectrics.  The  wavs  speeds  for  longitudinal  and 
transverse  waves  aze  obtained  in  explicit  forms  and  the  conditions  of 
existence  of  reel  wave  speeds  are  investigated. 

The  growth  and  decay  of  acceleration  waves  are  also  examined 
herein.  Calculation  of  the  jmps  of  the  time  derivatives  of  the  balance 
equations  leads  to  a  general  growth  equation.  The  explicit  expression 
of  the  growth  equation  is  given  in  the  case  of  isotropic  materials.  The 
growth  equation  for  longitudinal  and  transverse  waves  is  Integrated  by 
taking  advantage  of  the  fact  that  the  wave  speeds  are  constant.  The 
decay  conditions  are  exantned  for  both  cases,  and  the  shock  formation 
la  presented.  Furthermore,  the  results  ere  applied  to  the  plane,  cylin¬ 
drical  and  spherical  waves. 


*  Associate  Professor 


24*- 


MACRO  AND  MICRO  MATERIAL  SYMMETRIES 
IN  GENERALIZED  CONTINUA 

by 


L. B.  Ilcewicz 

Department  of  Forest  Products 

M. N.L.  Narasinhan 
Department  of  Mathematics 

J.B.  Wilson 

Department  of  Forest  Products 
Oregon  State  University,  Corvallis,  OR  97331 


Abstract 

Nonlocal  polar  theory  (NLP)  utilizes  a  generalized 
continuum  from  which  nonlocal  (NL) ,  micro polar  (MP)  and 
classical  continuum  theories  can  be  derived  as  special 
cases.  The  NLP  theory  allows  the  study  of  material 
behavior  arising  from  different  levels  of  micro  and  macro¬ 
domains  of  the  same  body.  In  this  paper,  the  balance  laws 
and  constitutive  equations  for  NLP  materials  are  developed 
for  purposes  of  direct  applications  in  the  fields  of  solid 
mechanics.  The  resulting  constitutive  laws  are  expressed 
in  Eulerian  form  and  compared  with  those  of  NL,  MP  and 
classical  theories.  Independent  nonvanishing  constitutive 
moduli  are  obtained  for  a  variety  of  classes  of  macro  and 
micro  material  symmetries,  including  triclinic,  monoclinic, 
rhombic  (orthotropic) ,  tetragonal,  cubic,  hexagonal  and 
transverse  isotropic.  A  suitable  attenuation  function 
is  employed  for  purposes  of  incorporating  the  nonlocal 
interactions  of  neighboring  material  points  at  any  material 
point  of  a  body.  The  concept  of  such  an  attenuation 
function  as  it  applies  to  solid  mechanics  is  developed  and 
illustrated  by  specific  examples  and  forms  that  are  useful 
in  modeling  materials  with  many  different  levels  of  inter¬ 
nal  sub-structures. 
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LTXCAL  CHAKACTBKI2ATI0W  OF  SOILS 


Seeeloo  FW-2;  MAI 

Organizer  and  Chairperson:  S.  L.  BOH,  Heat  Virginia 

University 

Co-Chairperson :  L.  THIGPEN,  Lavrance  Livermore  National 
Lab 

*  9:30  -  10:00  K.  C.  VALANIS,  University  of  Cincinnati: 

"An  Endochronic  Cao— chan  leal  Model  for  Soils" 

*  10:00  -  10:30  G.  T.  BALABX,  U.S.  Any  Engineer  Waterways  Experiment 

Station,  Kisslaeippi: 

"Matbanatlcal  Characterisation  of  Soil  Using  the 
Cap  Model" 

10:30  -  11:00  COFFEE  BREAK 

*  11:00  -  11:30  H.  F.  CHEN,  Purdue  University  aau  S.  L.  K0B,  Meat 

Virginia  Univaralty: 

"Constitutive  Modeling  of  Soils  and  Eertbguska-Induced 
Landslides" 

*  11:30  -  12:00  S.  STOKE,  University  of  Colorado: 

"Modelling  of  Stress— Induced  Anisotropy  in  Soils" 

12:00  -  12:15  L.  Elf  ME,  Colder  Associates,  Mississauga,  Canada: 
"Strength  Coup  no  ante  of  Granular  Aaaanhlloa" 

12:15  -  12:30  C.  AMMADI  and  M.  9MAHNF0QK,  derkson  Collage  of 
technology: 

"Men  Evolutleoaxy  Egnetions  for  Fluctuatleaa  in  lapld 
Orsnslar  Fiona" 

12:30  -  12:45  E.-F.  V.  M0MC,  B.  OASGOFtA,  S.  WMCUFIA  and  N.  MMMMi, 
Osivereity  of  Ml  net: 

"Nethanetical  Charac  ter  lest ioo  of  the  Chanical  Behavior 
of  a  South  Floridian  Soil" 


AN  ENDOCHHONIC  GEOMECHANICAL  MODEL  FOR  SOILS 


Kirk  C.  Valanls 
Dean  and  Profeasor 
College  of  Engineering 
University  of  Cincinnati 
651  Baldwin  Hall 
Cincinnati,  Ohio  45221 


Soils  exhibit  a  hydrostatic  response,  which  is 
uniquely  different  tram  chat  of  as  tala,  in  that  they  nay 
dilate  or  density  under  constant  confining  pressure  and 
(cyclic)  shearing  notion  depending  on  the  prevailing  stress 
and  porosity  conditions.  A  three  dimensional  unified 
theory  that  can  predict  this  phanoewnon  quantitatively, 
is  proposed  and  discussed.  The  theory  is  of  the  endo chronic 
type,  previously  advanced  by  the  author,  where  the  Manure 
of  intrinsic  tins  la  a  positive  definite  no re  of  the 
lncreaant  of  the  plastic  strain  tensor. 

Specifically,  it  is  shown  that  the  analytical 
prediction  of  the  stress  and  hydrostatic  strain  responses 
of  Sacraaento  River  sand  in  a  tri axial  test,  is  very  close 
to  the  experimental  data  of  Lae  and  Seed.  More  Importantly 
the  physical  foundations  of  softening  and  the  transition 
from  dilatency  to  danslflcatlon  are  laid  bare  and  discussed 
in  the  context  of  the  analytical  setting. 
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MATHEMATICAL  CHAKACTEKIZATIOH  OF  SOIL  USING  THE  CAP  MODEL 


By  George  Y.  Baled!, 1 


Member,  ASCE 


The  cap  model  is  a  mathematical  description  of  the  behavior  of 
geological  materials  which  is  based  on  the  classical  theory  of  plas¬ 
ticity.  The  yield  surface  for  this  model  consists  of  a  failure  envelope, 
which  is  usually  fixed  in  stress  apace  (ideally  plastic)  and  a  moveable 
cap  whose  position  is  a  functional  of  the  volumetric  strain  history  of 
the  material.  The  model  uses  an  associated  flow  rule  to  satisfy  theoreti¬ 
cal  continuity  and  uniqueness  requirements.  It  controls  dllatancy  while 
it  allows  hysteresis  and  apparent  Bauschinger  effects,  in  a  load-unload 
cycle.  With  a  hardening  failure  envelope  the  model  can  represent  cyclic 
hysteresis.  Also,  material  anisotropy,  rate-dependency,  and  the  effects 
of  pore  fluid  can  all  be  Included  in  the  model. 

The  model  is  the  natural  development  of  earlier  work,  starting  from 
the  Drucker-Prager  elastic-plastic  models.  The  idea  of  adding  a  moveable 
cap  is  due  to  Drucker,  Gibson,  and  Henkel  and  Jen ike  and  Shield.  Finally, 
Roscoe  and  his  co-workers  at  Cambridge  University  formulated  a  cohesion¬ 
less  model  which  involves  a  strain-hardening  yield  function  of  volumetric 
compressive  strain,  but  has  doubtful  uniqueness  and  continuity  properties. 

The  cap  model  has  been  used  to  simulate  Idle  behavior  of  a  wide  range 
of  geological  and  man-made  materials  such  as  soil,  rock,  concrete,  etc. 

This  paper  describes  the  development  and  the  numerical  implementation  of 
a  three-dimensional  elastic-viscoplastic  work-hardening  cap  model  for 
eerth  materials.  The  constitutive  relationship  is  capable  of  reproducing 
the  hysterecic  behavior  of  the  material  under  both  hydrostatic  and  deviatorlc 
states  of  stress;  it  also  accounts  for  shear-induced  volume  change  sad 
the  effect  of  superimposed  hydrostatic  stress  on  sheering  'response.  The 
capability  of  the  constitutive  relationship  for  simulating  the  observed 
time-dependent  response  of  earth  materials  is  examined;  an  example  fit 
for  a  dry  sand  is  given  based  on  static  end  dynanic  laboratory  triaxial 
sheer  end  uniaxial  strain  teat  results. 


^Research  Civil  Inglneer,  Ceonechenlca  Division,  Structures  Laboratory, 

U.  S.  At my  Bn g laser  Waterways  Experiment  Station,  Vicksburg,  Mississippi. 
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CONSTITUTIVE  MODELING  OF  SOILS  AND 
EARTHQUAKE -INDUCED  LANDSLIDES 

W.  F.  Chen  S.  L.  Koh 

School  of  Civil  Engineering  Department  of  Mechanical 

Purdue  University  and  Aerospace  Engineering 

West  Lafayette,  IN  47907  West  Virginia  Uhiversity 

Morgantown,  WV  26S06 


ABSTRACT 


The  first  part  of  the  paper  attests  to  evaluate  critically  the 
existing  soil  constitutive  relations  aid  failure  criteria  based  cn  the 
theories  of  elasticity  and  plasticity.  Three  basic  criteria  have  been 
used  for  nodel  evaluation: 

(1)  Theoretical  evaluation  of  the  models  with  respect  to  the 
basic  principles  of  continual  mechanics  to  ascertain  the 
consistency  with  the  theoretical  requirements  of  continuity, 
stability  and  uniqueness . 

(2)  Experimental  evaluation  of  the  Models  with  respect  to  their 
suitability  to  fit  experimental  data  from  a  variety  of  avail¬ 
able  tests,  and  the  ease  of  the  determination  of  the  material 
parameters  from  standard  test  data. 

(3)  Nunerical  and  computational  evaluation  of  the  models  with 
respect  to  the  facility  with  which  they  can  be  iayilemented 
in  coaputer  calculations.  Particular  eaphasis  here  is  placed 
on  the  implementation  in  nonlinear  incremental  finite  element 
computer  codes  for  obtaining  solutions  of  landslide  problems 
under  general  stress  condition  including  monotonic  as  well 

as  cyclic  loadings. 

The  second  part  of  the  paper  sianarizes  the  applications  of  various 
constitutive  models  to  earthquake -induced  landslides.  More  specifically, 
the  following  thesis’  work  related  to  the  NSF- Sponsored  Research 
(PFR- 7809326  to  ftirdue  Uhiversity)  will  be  briefly  reported: 

1.  "Perfect  Plasticity  Upper  Bound  Limit  Analysis  of  the  Stability 
of  a  Seismic-  Infirmed  Earths  lope,"  by  S.W.  Chan,  M.S,  Thesis, 

School  of  Mechanical  Engineering,  August,  1980. 

2.  "Constitutive  Models  for  Soils  in  Landslides,"  by  A.F.  Saleeb, 

Hn.D.  Thesis,  School  of  Civil  Engineering,  May,  1981. 

3.  "Plasticity  Modeling  of  Soils  and  Finite  Element  Applications,” 
by  E.  Mlzmo,  Bi.D.  Thesis,  School  of  Civil  Engineering, 

Deceaber,  1981. 

4.  "Seismic  Safety  Analysis  of  Slopes,"  by  C.J.  Chang,  tfc.D.  Thesis, 
School  of  Civil  Engineering,  August,  1981. 


"Modelling  of  Stress- Induced  Anisotropy  In  Soils" 

Stela  Sture 

Department  of  Civil,  Envlroinntal,  and  Architectural  Engineering,  C.B.428 
University  of  Colorado,  Boulder 
Boulder,  Colorado  80309 


The  presentation  addresses  experimental  and  analytical  Issues  related 
to  stress-induced  anisotropy  and  rotating  principal  stress  directions  in 
a  soli  ness  subj acted  to  noaproportlonal,  reversed,  and  cyclic  loading. 

The  Influence  of  these  factors  on  earth  assies  sad  structural  response 
behavior  is  discussed. 

Stress-induced  stiffness  anisotropy  in  soils  la  only  revealed  when 
the  principal  stress  directions  chauga  with  respect  to  the  material  fabric 
or  structure.  Conventional  and  moat  current  experimental  devices  are  un¬ 
able  to  carry  out  such  loading  and  allow  aaasur extents  of  response  without 
resorting  to  simplified  techniques  that  may  disturb  the  stress-induced 
changes.  However,  recent  advances  in  experimental  techniques  make  It  poss¬ 
ible  to  Improve  our  understanding  of  Mechanical  behavior  of  soils  that  are 
subjected  to  such  complex  forms  of  loading.  It  has  been  demonstrated  that 
whan  soils  are  loaded  by  uniform  and  controlled  stress  states,  which  In 
turn  are  sefej acted  to  controlled  rotations,  as  for  exaaple  performed  in 
directional  shear  cells,  aultlaxlal  cubical  apparatus aa  that  allow  jump 
rotations,  sad  hollow  cylinder  trlaacUl  toradee  apparatuses,  significant 
changes  in  stiffness  moduli  occur.  The  principal  an dull  are  often  reduc¬ 
ed  many  orders  of  aegaltode  daring  such  loading.  For  these  reasons  stress- 
induced  anisotropy  and  rotations  of  the  principel  stress  directions  have 
become  Important  concerns  la  geotechnical  constitutive  modeling  and  analy¬ 
sis.  Modern  atrema-stral»meraegth  an  dels  based  on  isotropic  elastic- 
plastic  harassing  aexged  with  klnaaarlr  plastic  concepts,  sxe  la  principle 
capable  of  simulating  these  behavioral  features.  Kxpeirlnsntslly  obtained 
information  shout  strnaa-indncsd  snlsotrupy  In  Ideally  salted  for  calib¬ 
rating  anisotropic  constitutive  noddle,  sad  It  can  also  bo  used  to  test 
or  validate  the  performance  of  these  models  for  load  histories  that  are 
different  from  those  used  daring  nodal  calibration.  Although  anisotropic 
no  dele  are  expected  to  s  Insists  r maps  asm  behavior  under  arbitrary  loading 
events  am  realistically  than  Isotropic  models,  neither  model  category 
requires  explicit  Input  Information  that  characterless  the  alteration# 
taking  place,  when  the  principal  stress  directions  rotate.  The  kineaatic 
rule  which  reflects  changes  la  the  soil  fabric  dee  to  lodaced  anisotropy 
are  utilised  for  e  lamia  ting  modifications  la  ms  dull.  It  is  shewn  that 
conventional  formulations  any  be  insufficient  aaane  for  achieving  the 
significant  changes  observed  in  the  laboratory. 

The  theory  and  implementation  of  an  anisotropic  elasto-plastlc  cons¬ 
titutive  model  of  the  Mfor-Ivem-Pravoet  type  Is  discussed.  Experimental 
test  resalts  for  dry  Leighton  Inward  sand  la  compression  sad  extension 
ere  compared  to  analytical  s  insist  lone. 
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STRENGTH  COMPONENTS  OF  GRANULAR  ASSEMBLIES 


Leo  Roehenburg 

Colder  Associates,  3151  Wharton  Way,  Mississauga,  Ontario,  Canada,  L4X  2B6 

Much  work  on  physical  strength  coaponents  of  cohesionless  soils  la 
related  to  attempts  to  correlate  the  aacroscopic  angle  of  Internal  friction 
♦'  with  the  angle  of  lnterpartide  friction  (4  ).  A  masher  of  theories  that 
delate  these  parameters  and  assert  that  no  shearing  resistance  can  exist 
without  lnterpartide  friction  (♦  *  0)  are  reviewed  in  (ref.  1)  in  light  of 
recent  experimental  evidence  showing  no  4  .4  correlation. 

According  to  the  following  adcroaechSKlcal^analysis  of  plane  asseablles, 
non-vanishing  shearing  strength  of  a  granular  mass  with  4  »  0  <■««  he 
attributed  to  alcrostruetural  anisotropy  Induced  during  shearing  deformation. 

Consider  a  large  assembly  of  equal  slse  discs  (diameter  d  )  under  a 
uniform  state  of  stress  ol .  (understood  in  the  microaechanlcal°sense,  ref. 2) 
and  expressed  in^ terms  of  microscopic  characteristics  as  follows 

m2^[o2(lfnf9>ni(0Jnj(e)  ,  (1) 

where  fn<0)'  are  average  normal  and  tangential  force  components  over 

contacts  with  orientation  6;  S(9)  la  a  contact  orientation  distribution 
equal  to  l/2t  for  Isotropic  assert lies ;  p  -  packing  fraction  and  y  -  average 
co-ordination  nurter. 

Due  to  synwtry  Mrt  functions  in  (1)  can  be  decomposed  into  Fourier 
series  with  even  coaponents.  Noting  from  the  form  of  (1)  that  Fourier 
components  of  the  order  higher  than  the  second  will  not  contribute  to  ay., 
it  is  convenient  to  neglect  J.( 8J  (4  m  0  )  and  approximate  the  remaining 
as  follows  ?  *  11 

S(0)  “illl  +  aoo»2( 9-$  )  ]  ,  f  C)  -  f  [I  *  a^os2(e-BJ  J  . 
The  first  of  the  above  defines  anisotropic  distribution  of  contact  ' 
orientations  with  preferred  direction  6  and  parameter  of  anisotropy  a. 
Average  normal  forces  are  direction-dependent  with  the  overall  magnitude  f  . 

For  a  system  with  specified  mlcrostructure  (a,  6  )  and  prescribed  loa<8s 
(ff'jj)  parameters  defining  average  contact  forces  (r,a_e.  )  can  be  obtained 
froir  three  equations  (1).  General  expressions  are  somewhat'  involved  but 
when  the  principal  direction  of  coincides  with  the  direction  of 

anisotropy,  the  following  relationship  is  recovered  for  small  anisotropies 
min  C-«  oVo'  *0.5  (a  +  aJ 

where  o',  o'  are  hydrostatic  and  devlatorlc  invariants  of  oj ,  and  is 
referred  to  as  "mobilised  angle  of  friction".  ** 

The  above  relationship  shows  that  cohesionless  assertlles  can  resist 
devlatorlc  loads  by  developing  anisotropic  structure  and  allowing  directional 
variation  of  average  contact  forces  . 
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Nw  E  volut iouary  Equations  for  Fluctuations 
In  Rapid  Granular  Flows 


G.  Ahmadi  and  M.  Sbahinpoor 
Department  of  Mechanical  and  Induatrlal  Engineering 
Clarkson  Collate  of  Technology 
Potsdam,  S.Y.,  13676.  USA 


Abstract 


Motivated  by  the  molecular  kinetic  theory  of  dense  fluids  a  rapid 
flow  of  a  large  number  of  equal  bard  spheres  in  a  bounded  domain  of  3-D 
Euclidean  space  is  modeled  statistically.  In  doing  this  a  special 
version  of  the  Boltsmsnn  equation  with  notmenishing  collision  operator 
is  considered.  Having  derived  the  statistical  field  equations  the  RGK 
or  the  Krook’s  approximation  is  applied  to  Che  collision  operator  to 
arrive  at  a  desired  probability  distribution  function.  In  particular 
an  equation  is  derived  for  the  production  and  diffusion  of  random  fluc¬ 
tuation  energy.  Furthermore,  two  explicit  expressions  are  given  for  the 
stress  tensor  as  well  as  the  flux  vsetor  of  random  fluctuation  energy. 
The  derived  expressions  not  only  Involve  the  random  fluctuation  energy 
but  also  its  time  rate  of  change.  These  governing  equations  which  form 
e  complete  eat  ere  applied  to  two  problems  involving  rapid  granular 
flows;  one  a  plana  couatta  flow  and  the  other  e  simple  gravity  flow  dtmn 
an  Inclined  plane.  The  solutions,  thus  obtained,  agree  with  the  known 
results  and,  further,  enable  one  to  derive  axprsssioaa  relating  the  root 
naan  square  of  random  velocity  fluctuations,  the  bulk  density,  and  die 
shear  rate. 


1  -  Ahmad  1,  G.  and  M.  Shehinpoor.  "A  Kinetic  Theory  fox  Rapid  Granular 
Flows  and  Evolution  of  Flurfwsflona."  MO-GCX  Granular  Materials 
Research  Laboratory,  Rem.  Imp.  Ho.  077,  March.  (UK). 

-  Sbeklapoor,  M.  aad  C.  I head! ,  "Fluctuation  Equilibrium  in  Rapid  Flow 
of  Granular  Materials,"  (in  press),  (1902). 
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MATHEMATICAL  CHARACTERIZATION  OF 
THE  CHEMICAL  BEHAVIOR  OF  A 
SOOTH  FLORIDIAN  SOIL 


Kau-Ful  V.  Hong,  Di pinker  Desgupta, 
Subrata  Sengupta,  Nelson  Nemerov 

University  of  Ml  sal 
Coral  Gables,  Florida 


Various  factors  govern  the  transport  of  heavy  aatal 
pollutants  In  saturated  soil.  The  key  aerhanlsas  which  govern 
the  Interaction  of  saturated  soil  with  the  liquid  pollutant 
Include  convection,  diffusion,  biological  and  chealral  trans¬ 
formation,  chaalcal  adsorption  or  desorption,  and  precipitation. 
Chesdcal  adsorption  la  aodellad  by  an  equation  describing  the 
dependency  of  the  sorbed  concentrated  on  the  solution  concen¬ 
tration.  The  adsorption  equation  used  la  the  Langmuir  aquation. 


8  - 


*1*2  y 
1  +  KjY 


where  8  -  pollutant  concentration  In  the  soil 

Y  «  pollutant  concentration  la  the  liquid  phase 
KpKj  -  Langmuir  equations 


The  present  paper  deals  with  batch  experimental  studies  which 
model  the  chemical  Interaction  between  the  soil  ami  the  liquid 
pollutant  phase  over  a  wide  concentration  range.  The  experi¬ 
mental  results  for  the  interaction  of  Hallandale  flue  sand  (a 
soil  found  In  South  Florida)  and  three  cations,  copper,  iron  and 
sine,  are  presented.  From  these  experimental  results,  the 
Langmuir  coefficients,  Kj  and  K.  are  evaluated  for  each  of  tbs 
cations. 

These  coefficient  are  then  used  for  modelling  purposes  In 
the  one  dimensional  Langmuir  transport  aquation: 


8C 


SC 


»2C 


*lV. 


SC  , 

,2  W 


♦  ft  fr  ■  J*  ♦  «-♦> 

9t  "  U  (1  ♦  KjC) 

itration  of  pollutant  la  the 


where  ♦  -  porosity;  C  ' 

liquid  phase 
D  ■  diffusion  coeffidant;  t  ■  time 


v  "  convective  velocity;  s  ■  space  coordinate 
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THE  NON-LINEAR  MECHANICS  OF  STALL 
FLUTTER  OSCILLATIONS 

Maurice  I.  Young 

Department  of  Mechanical  and  Aerospace  Engineering 
University  of  Delaware 
Newark,  Delaware  19711,  U.S.A. 

Abstract 

Stall  flutter  oscillations  of  propeller  blades  and 
similar  structures  are  self-limiting,  limit  cycle  tor¬ 
sional  instabilities.  Although  boundary  layer  separa¬ 
tions  and  the  unsteady  aerodynamics  are  clearly  the 
dominant  and  controlling  effects1-  a  mechanical-mathe¬ 
matical  model  based  on  the  concept  of  a  switching  servo¬ 
mechanism2  is  proposed.  In  this  model  the  linear  and 
non-linear  domains  of  the  aerodynamic  pitch  damping  of 
the  torsional  oscillations  are  represented,  together 
with  their  hysteresis,  aerodynamic  angle  of  attack  and 
angle  of  attack  rate  of  change  sensitivities  and  the 
high  incidence  self-limiting  features.  The  model  is 
seen  to  have  the  analytical  flexibility  to  correctly 
predict  the  occurence  of  damped  linear  type  torsional 
oscillations  below  the  needed  threshold  conditions, 
and  onset  of  self-limitino  torsional  limit  cycle 
oscillations  when  the  threshold  conditions  are  exceeded. 
It  is  also  seen  that  the  tendency  of  the  limit  cycle 
oscillations  to  occur  at  the  blade  fundamental  tor¬ 
sional  natural  frequency3  is  also  correctly  modelled. 


C.T.  Tran  and  D.  Petot,  "Semi-Empirical  Model  for  the 
Dynamic  Stall  of  Airfoils,”  Vertica,  Vol.  5,  No.  1, 
1981,  pp.  35-53. 

2 

Irmgard  Flugge-Lotz,  "Discontinuous  and  Optimal  Con¬ 
trol,"  McGraw  Hill,  Xnc.,  1968,  pp.  7-80. 

^Maurice  I.  Young  and  Norman  D.  Ham,  "Torsional 
Oscillations  of  Helicopter  Blades  Due  to  Stall, 
Journal  of  Aircraft,  May -June ,  1966. 
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Mjtjgig  with  no  Paricxli c  Solution* 
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Ut  ^  *  IM  tea  dlffaraatlal  sanation  of  claaa  C* 
<n>l)  an  tin  3-apfcsra  I3.  Tha  Hnlfart  oonjactura 
atataa  that  tha  Olffaaantial  agnation  nuat  haw  a 
parlolic  anlntian  in  I3.  ».  lahwllair  foand  a  coon  tar- 


Two -Dimensional  Interior  Solutions  of  the  gavlar-Stokea 
Equation  la  Tarns  of  Analytic  Functions 


Wen-Lee  Tin 

School  of  Engineering  Science  and  Mechanics 
Georgia  Institute  of  Technology 
Atlanta,  Georgia 


ABSTRACT 


Considered  as  a  function  of  a  ■  x  +  ly,  i  -  x  -  iy  and  t,  the  a trees 
function  U  In  an  unsteady  plane  flow  of  an  Incompressible  viscous  fluid 
la  governed  by  the  equation 


In  C  1  D  v  -  4iv  U - 4  U  U  —  ]  -  0 

u  sat  sans  “a  ssa 


Those  solutions  of  Eq.  (1)  which  are  representable  in  the  fora 
U  -  Re  C  a  q1(a,t)  +  <P0(*,t)  3  , 


(1) 


(2) 


where  <fQ  end  p  j  era  analytic  functions  of  a,  form  a  claee  that  Includes 
irrotatlooal  flows,  constant  vortlcity  flown  and  circulation-preserving 
flown  ("universal  solutions"),  lew  enact  solutions  of  the  I avler -Stokes 

equation  can  be  obtained  by  naans  of  the  sore  general  representation 

I 

0  -  Re  C  £  i1  ft(a,t)  3  .  (3) 

Iso 


Substitution  of  (3)  Into  (1)  jrltldf  on  oy—tlon  of  tko  Com  (n  >  V) 

n 

as  C  £  tj(a.t)  1|j(s,t)  3  -  0  ,  (4) 

J“1 

where  end  1!,  ere  analytic  functions  fomed  fron  ft,  f|,  f ''  and 

a  p'/at.  la  prove  that  (4)  holds  if  and  only  if 
n 

tj(*.t)  -£  C^t)  l^ts.t)  ,  J  -  1,  ...n.  (3) 

k-1 

where  the  coefficients  torn  a  Hemitlan  matrix  (C^  ■  ^).  The 
syaten  (S)  consists  of  n  second  order  ordinary  differential  aquations  In 
the  Caspian  variable  s  for  the  |  analytic  functions  f|, . .  ■f|.  With  appro¬ 
priate  coefficients  Ctj(t)  this  over -determined  syaten  of  equations  adnlta 
solutions.  Applying  the  method  to  the  rsprsssatetloe  (2),  on  determine  the 
complete  class  of  plane  universal  solutions  of  Ksvler -Stokes  fluids. 


■iconuuns  op  a  pseudo-latzed  differbitial  eqqatioh 
AMD  OP  mtianOKtlie  booxdakt  value  problems 

J.  R.  Poet**  and  H.  E.  Pettis** 

Latzko  [1]  der ivad  and  solved  approximately  •  boundary  value 
problem  for  beat  transfer  in  a  fully  developed  turbulent  flow  In  a 
circular  tube.  Pettis  [2]  displayed  a  way  to  approximate  the  eigen¬ 
values  and  eigenfunctions  by  treating  the  Latabo  problem  as  neighbor¬ 
ing  to  a  hyper geons trie  differential  equation  satisfied  by  Jacobi 
polynomials.  The  Latzko  problsn  is 

jjjUl-x7)  +  wx7y  -  0,  y(0)  -  0,  y(l)  -  finite. 

The  neighboring  problem  is 

+  Xx5y  -  0.  y(0>  -  0.  y(l)  -  finite. 

It  is  found  that  the  nes  permnster  class  of  neighboring  problems 

£[<l-xp)  *]  +  lx*-2y  -  0,  X  >  0.  p  -  2  >  0, 

also  is  solved  by  Jacobi  polynomials,  and  the  two  parameter  peswde 
Latabo  differential  agnation  is 

a-xp)  *  <azp4"~2y  -  0,  p+s-2>»,  |nj  £  2. 

Bach  initial  condition  y(0>  -  0,  y’fO)  -  0,  yy’fD)  -  «y(0)  -  0 
can  bn  aaaociatad  with  f ini r enema  of  oy'(l)  -  ny(l) .  Eigenvalues  for 
X  and  eigen functions  are  found  as  explicit  formulae  few  thn  first  two 
conditions;  the  distribution  of  eigenvetues  is  found  far  the  third 
case  and  approximate  methods  tor  their  calculation  are  given. 

Pive  iMWricil  enenglea  warn  criral arad  for  thn  first  tan  algea 
values  w,  using  double  precision  arithmetic  with  thn  Pattla  method: 

(1)  Mesa  alt  praUm:  p-1.  art  ,  with  y<0)  •  0  (1  serf  ear) . 

(2)  Latabo  problan:  p-7,  m-2.  wCtsh  y<0)  -  0. 

(3)  p-7,  a-2.  with  y ’ (0)  -  0  (insulated  wall). 

(4)  p-4,  nr2,  y(0)  -  0  (intetmsdixtn  turbulence) . 

(3)  p-A.  a-2.  y'W)  -  0. 

me  sneller  eigenvalues  agree  very  well  with  each  pnblishsd  values  as 
exist,  ami  m  >  X  in  ell  cases.  The  exes  p-4  confirms  that  m(p-7)  ere 
aa  order  of  nsgyifnis  greater  then  corresponding  u(p-l) . 

1.  H.  Lntsho,  "Ufimeuhergeng  an  einan  ruvbolsotan  PI  ess Igb efts  edar 
Gasstroa,"  ZMR,  1,  p.  260-290  (1921) . 

2.  H.  g.  Pattis,  "On  thn  Eigenvalues  of  Latzko’ a  Differential 
■qnatlon,"  ZMM,  37,  p.  3M-3M  <1957>. 

*Bopt.  of  Math.,  University  of  Min  Orleans,  low  Orleans, 

**1*5  Calif.,  Apt.  62,  Bbwetrls  Plan,  California  94041 


LA  70140 


B.  I.  IMM 

kfutaat  ot  lukaieil  aa4  h«i«wili| 

State  htTMiitj  of  Nov  Took  oft  Boffolo 
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nil  work  yraaaata  a  maaaaaary  ul  •afftaioat  aoaAitioa  for  a  gaaaral 
iiaoar  Ayaaaia  ayataa  to  baaaaa  aaooaylaA  ky  a  aoAal  traaaforaatioa.  Tko 
ayatoaa  eoaslAaraA  kora  ara  tkoaa  that  aaa  ko  aoAalaA  kj 

As  ♦  Ik  ♦  C»  -  •  (1) 


vkora  1,1  aa4  C  aro  aaa  agaara  aatriooa  aa4  a  ia  aa  a-vootor  ot  gaaaralisaA 
aoorAiaataa.  Caaghay  aal  OTolly  (1]  km  ahova  that  if  1.1  aai  C  aro  (yam trio 
aaS  foaitiva  Aafiaita,  thoa  a  aaaeaaary  aU  aaffiaioat  aoaAitioa  for  (1)  to 
foasaaa  alaaaiaal  aoraal  aaS»»  ia  that  ll'*C  *  Cl'*t.  This  aoaAitioa  iaaarat 
that  tha  ao4al  aatria  aaaoaiata4  vith  tho  atiffaaaa  aatria  C  Aaaoaylaa  tha 
ogutioa  of  aotioa  (1).  Kaylalgh  or  yrvyortlaaal  Aaayiag  yrvviAaa  aa  osaaylo  of 
a  aiaaa  of  ayatoaa  vhiah  Aaaoaylaa  a4or  tho  ao4al  aatria  traaaforaatioa.  The 
raaalta  of  111  aro  (0000011004  haro  to  ayatoaa  vhioh  ara  aat  aaaoaaarily 
ayaaotria. 


A  roaalt  ia  yraaaataA  tor  a  aabolaaa  of  ayatoaa  4oaoriho4  ky  (1)  aaoh  that 
(i)  A-1  aaiata  aa4  (ii)  A_1t  aa4  A_1C  hava  real  algaavalaaa  aa4  a  aoaglota  aat 
of  oiaaavaatora.  Taaakoy  [2],  haa  ahova  that  aoaAitioa  (ii)  hol4a  if  aa4  oaly 
if  A-Il  aa4  A_1C  aay  ha  faatoro4  iato  tho  yrotaot  of  two  ayaaotria  aatriaaa  oaa 
of  vhioh  ia  yoaitiva  Aafiaita.  It  haa  hoaa  ahova  ia  121  that  aa4or  this 
aaaoaytioa.  agaatioa  (1)  ia  aiailar  to  a  ayaaotria  ayataa  if  aa4  oaly  if  tho 
faoteriaatiaa  of  i**l  aa4  A“*C  ia  of  tho  fora 


A  *C 


« 


vhara  Ij,  (2  aa4  T«  aro  ayaaotria  aa4  l<  ia  yoaitiva  4ofiaite.  BaAar  thia 
aoaAitioa  it  ia  ahova  that  (1)  yaaaoaaaa  alaaaiaal  aoraal  aoAoa  if  aa4  oaly  if 
BA“*C  ■  CA-*B»  Xkaa  a  tat  lag  alaarly  tho  aabolaaa  of  aoa  aaaaarvativo  aayaaatrio 
ayatoaa  vhioh  aay  ko  4ooo«ylo4  by  a  aoAal  traaaforaatioa.  Tho  roaalt  la 
illaatrataA  ky  a  aaaariaal  ataayla. 

Ill  Caaghoy.  TJ t.  aa4  0 'Sally,  "Clara iaal  Noraal  NoAaa  ia  Baayag 

Liaaar  Byaaaia  Syataaa",  Joaraal  of  AyylioA  Naahaaioa,  Tal.  22.  yy.  142- 
222.  1241. 

12)  Taaakoy.  0.,  "Foaitiva  Baflaito  Natriaaa  aa4  Tfcair  tola  ia  tha  BtaAy  of 
tha  Charaotoriatio  toot  a  of  taaaral  Natriaaa’*.  Agvaaoaa  ia  Mathoaatioa.  2. 
179-1SS  IMS* 

(2)  laaaa.  B.X.,  "LaafcAa  Natriaaa  vith  Aayaaatrio  Cooffioioata  vith 
Ayylioatioa  to  Tibratioa  Frokloae".  SIAN  Coaforoaoo  aa  AyylioA  Liaoar 
Algokra.  Baylolgh,  NC.  Ayrll  1222. 
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tm  •wUUtiM 


tlitrltaM  fifitir  lyotoaa* 


»J. 

taw*  of  lakatul 
lut)  hinnitr  of 


|H*  h|UMlil| 
•t  Mftlt 


Tklo  twk  (tttwU  a  nUUiwt  •oaiitloo  far  tut  of  tko  tooyorol 
tolatiooa  of  a  hfrt  ftitiltia*  yaraaottr  tyita  to  It  iaayoi  uiUUtltu. 
At  lyttMt  MatUtwk  wo  tfcooo  Mat  aoy  few  lawtttf  fey  Nr  Mlttlai  partial 
WftmtUI  tfwtlw: 

•tt(s.t)  ♦  “  0  la  S 

■k(t.t)  «  9  oa  W 

•kora  (1)  <.)t  Mltttti  ftttlil  lltfimtlftlM  with  tuyttt  to  tfeo  tlao  t, 
(li)  tin  Vmltl,  oyoa  rtflta  of  (■1,1,1,  »ttfe  fewdtfy  If,  (ill)  Lj  oaf 
Lj  oro  root  11  soar  tyotlal  ilfforaattol  oyacatoro.  tkltk  ift  aolf  aOjolat  oaf 
fool  tiro  foffalta  (vitfe  rooyoot  to  fat),  oaf  (W  •  it  a  llaoar  oyo  rotor  •klofc 
roflooto  tfeo  feioo fury  ooaiitlooo.  Ktk  tttltionl  itiwftlMi  tfeo  oyotoa  (1) 
ooa  tiofutolf  4ooo rife o  olferatioa  mfefoov  rolotoi  to  Itoyol  feooao.  plot**, 
ofeollt,  oto.  hI  tfeo  ulttito  aoy  feo  vrlttoo  la'  tko  fora 


(1)  a(a.t)  •  ^  tt(tiftM 


•koro  #a(a)  oro  o  otoflttt  tot  of  faaottoao.  It  tM  ikon  la  Ml  tfeo*  If  la 
aid it loo  to  tfeo;  ok  oro  asoaayttoaa.  U  alU  kaoo  oaayaot  rooolooato  oaf  ooaaato 


•a  a  oortola  iaaaia.  tt 
faaatiooa  a^t)  to  dotaaai 
oa  tko  aoao  loaata.  Tfeo 
»tl«l  io  aot  oatlofy  tfeo  < 


Tklo  oak  to  mm  latoaofi 
Tko  aotka*  of  yroof  Woo  art 
la  1X1.  feat  tefodt  oafy-oa 
oooyoroO  to  tfeo  aotfeafe  aat 
1 1  tor  o  toco,  toawloo  oro  n 


111  Sa 


tiaaa.  Lj  aai  tg  kaoo  nayaot  raooloaato  oaf  ooaaato 
tfeo  oooillatory  aataoo  of  oaofe  of  tfeo  toayoral 
f  fey  tfeo  feaflattoawo  of  tfeo  oyoratao  Hj-Lf  toflaot 
wk  yraaaatW  Mara  aatoaia  tklo  rooalt  to  oyatmao 
activity  ooaKtttaw 

■a  of  tfeo  wt  gtooa  la  111  to  aa ta  yaaorof  oyotoao. 
i  Hyoat  oa  Malta  oyyooataatioao  to  (H,  oa  lofea 
tto  fora  of  tfeo  oymttn  1^  oaf  Lj.  tko  rooatt'io 
»4  ta  [XI  Ml  ta  itUtil  proklca*  to  tfeo  imwt 
nMH  lalteottofe  tfeo  ftltlty  of  too  nalt. 


M.  Ml.  fairy.  1A,  It,  "Tfeo  Kotor*  of  tfeo  Toayoral  talattoaa  of 
Motaifeatoi  fefMtaa  oitfe  Claoolool  Koraol  Voiko",  to  ayyaof  la 

■tA.  aafe  featoy,  life,  "CJritlool  Doaylat  la  Cortola  Ltaooc 
toao  fey  aa  all  feouat",  Iatorao-t  I#»ol  Xottnl  of  feo  11*0-  aai 
■oa.  feaf,  IT.  yy.  STS-flM).  lffe«. 
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Random  Normed  Spaces 
Troy  L.  Hicks 

University  of  Hissouri-Rolla 

ABSTRACT:  For  a  random  normed  space,  we  have  a  linear 
space  X  and,  for  each  x  in  X,  we  associate  a  distribution 
function  Fx  (instead  of  a  real  number  ||x|()with  x.  The 
collection  of  distribution  functions  { F^ }  are  required  to 
satisfy  axioms  modeled  after  the  norm  conditions  for  a 
normed  linear  space.  We  simplify  the  origin  system  of 
axioms  given  by  Serstnev  in  1963.  Necessary  and  sufficient 
conditions  for  a  random  normed  space  to  be  a  (metrizable) 
topological  linear  space  will  be  given.  A  new  structure, 
called  a  random  H-space,  will  be  introduced.  It  will  be 
shown  that  they  coincide  with  the  metrizable  topological 
linear  spaces. 
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K. -SPACE  FORMBLATIO*  OF  THE  SCATTERING  PROBLEM 
IN  THE  TUB  DOMAIN  FOR  VENT  LARGE  PROBLEMS 

Norberf  N.  Bo jar ski 
IB  Pin*  Valley  Lane 
Newport  Beach,  California  92660 


The  arbitrary  direct  scattering  problsa  is  solved 
numerically  in  closed  form  in  the  time  domain  and  spatial 
Fourier  transform  apace.  This  solution  consists  of  casting 
the  general  basic  global  laws  (l.a. ,  the  second  order  partial 
differential  wave  aquation  or  its  Integral  representation)  as 
a  local  algebraic  equation  in  the  spatial  Fourier  transform 
space,  and  leaving  the  specific  local  constitutive  equations 
(i.e.,  the  algebraic  boundary  condition,  which  specify  a  given 
structure,  which  are  conventionally  imposed  on  the  differential 
or  Integral  representation  of  the  general  basic  global  wave 
equation (  as  a  local  algebraic  equation  la  real  space,  thereby 
reducing  the  scattering  problem  to  a  statement  of  two  simul¬ 
taneous  local  algebraic  aquations  in  two  unknowns  (the  fields 
and  the  induced  sources)  in  two  spaces  connected  by  the  spatial 
Fourier  transform.  By  virtue  of  causality,  a  werically  efficient 
closed  form  solution  to  this  set  of  aquations  is  obtained  that 
utilises  the  fust  Beerier  transform  algorithm  as  the  transforma¬ 
tions  between  the  tws  spares .  Bp  virtue  of  the  numerically 
efficient  fant  Fourier  transform  algorithm  and  the  local  algebraic 
representations,  the  ermbnr  of  required  complex  multiply-add 
operations  and  storage  el  location  is  of  the  order  of  and 

N  per  temporal  daocmtlastien  respectively  (where  N  is  the  suder 
of  spatial  colls  into  which  the  scattering  problem  is  deec retired) . 
It  is  shown  that  the  solution  la  only  of  the  order  of  logJ  e lower 
then  am  ideal  solution.  The  solution  is  thus  practical  for  very 
large  see,  turn,  and  three  dimensional  scattering  problssm. 
Bnmlc»mgariaeattl  results  for  very  large  two  dimensional 
pink  I  sms  eta  presented  dasamtographicelly. 


V. 


REMARKS  ON  CORRECT  SIGNIFICANT  DIGITS  AND  NONLINEAR  EQUATIONS 


Prof.  Dr.  Dalcidio  Horae*  Claudio 

Curao  de  Pos-Cradua;io  ea  Ciencia  da  Cospute^io 

Av.  Osvaldo  Aranha,  99 

90.000  -  Porto  Alegre  -  RS  -  Braail 

During  tha  past  two  decades,  several  new  algorithms 
based  on  the  theory  of  interval  mathematics  have  been 
developed,  having  in  R.E.  MOORE  on  of  its  precursors. 

This  work  makes  use  of  the  same  philisophy  wich 
orients  the  interval  methods,  but  does  not  make  use  its 
arithmetic . 

The  metod  that  will  be  developed,  from  now  on 
called  Hybrid  Interval  Method  (HIM)  consist  of: 

i)  Let  f  be  a  function  that  is  twice  differentiable  on  some 
interval  x(“l)  containing  a  sero  point  x*.  Let  f  be 
strictly  increasing  or  decreasing  and  convex  or  concave 
on 

ii)  Computer  an  initial  approximation  x-i  with  exact 
significant  Digits  *  DIGSE  (x-i)  •  K  <,  t-2  from  real 
methods,  were  t  is  the  number  of  the  computer  digits. 

iii)  Convert  the  punctual  interval  [j(-i;x-x^]  from  ii)  into  the 
interval  [&X..1  ;Ax_j[}  ■X'0'  with  K  »  f  (DIGSE)  and  V.A  the 
directed  rounding. 

iv)  The  interval  orocess  begins  with  X^0*  to  obtain  two  new 
points  in  x(®'  from  the  utilisation  of  two  methods  and 
M2  (Modified  Newton  and  Modified  Regula  Falsi). 

v)  The  directed  rounding  is  applicated  to  the  obtained  in¬ 
terval,  now  with  K  ■  t  or  K  •  t- 1 ,  and  we  have  X(l)  £  I® 

vi)  Repeats  iv)  and  v)  until  the  exactness  cannot  be  improved 
any  more. 

The  HIM  is  compared  with  some  existing  methods  in 
the  literature.  It  presents  the  following  advantages  in  the 
case  of  functions  considered  in  this  papers. 

HIM  x  Fixed  Point  Methods 

The  HIM  Methods  presents  the  same  advantages  as 
the  interval  methods.  He  obtain  a  method  that  is  always  con 
vergent  and  provides  directly  the  error  bounds. 

HIM  x  Interval  Methods 

The  times  are  compared,  to  obtain  same  given 
exactness,  with  the  methods  suggested  by  Alefeld,  and 
Krawcxyk,  and  we  verity  that  HIM  it  always  faster  and  as 
simple  to  apply  as  the  others. 

According  to  the  research  performed,  the  NIM  show 
us  enough  promissing  and  it  seems  to  us  that  in  the  future 
we  will  be  able  to  extend  this  theory  to  new  mathematical 
methods. 
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HOMOGENEOUS  STRUCTURES  IN  ENGINEERING  SCIENCES 


Victor  Aladyev 

All-Union  Project-Technological  Institute 
Tallinn,  Estonian  SSR,  USSR 

The  homogeneous  structure  (HS)  is  a  formalization  of  the  concept  of  an 
infinite  regular  array  of  identical  finite-state  machines  uniformly  inter¬ 
connected  in  the  sense  that  each  machine  can  directly  receive  information 
by  means  of  interconnecting  wires  from  a  finite  number  of  neighboring 
machines.  Each  machine  can  synchronously  change  its  state  at  discrete 
time  steps  as  a  function  of  the  states  of  the  neighboring  machines.  This 
function  can  change  from  time  step  to  time  step,  but  will  be  identlfical 
for  each  machine  in  the  array  at  any  given  time  step.  The  simultaneous 
action  of  these  local  functions  will  define  global  functions  which  will 
act  on  the  entire  array  changing  configurations  of  machine  states  in  the 
array  to  other  configurations. 

Such  models  have  been  applied  in  such  diverse  areas  as  pattern  recog¬ 
nition,  parallel  computing  systems,  development  theories,  adaptive  system^ 
parallel  processing  and  parallel  algorithms,  chemistry,  physics,  crystal¬ 
lography  and  so  on  [1,2] .  HS  can  serve  as  the  basis  for  modelling  of  many 
discrete  processes,  and  the  mathematical  theory  of  HS  has  become  each  year 
more  and  more  fruitful  and  popular  [2,3].  Survey  of  the  general  directions 
of  the  theory  of  HS  and  their  applications  in  connection  with  engineering 
sciences  is  presented  In  the  present  paper. 

At  the  present  there  are  enough  reaeons  for  the  further  development  of 
the  concept  of  HS.  Indeed,  many  Important  phenomena  such  as  reliability, 
probability  and  so  on  in  the  above  mentioned  areas  cannot  obtain  satis¬ 
factory  description  in  terms  of  the  classical  concept  of  HS.  Because  the 
concept  of  HS  must  be  very  extensive  [2].  It  admits  a  number  of  essential 
deviations  from  classical  concept.  A  number  of  generalizations  of  this 
concept  are  discussed. 

A  mzsber  of  interesting  properties  of  crystals  can  be  studied  with  the 
aid  of  HS.  Another  application  of  a  theory  of  HS  is  the  study  of  numeri¬ 
cal  solutions  of  the  partial  differential  and  difference  equations  in  the 
parallel  manner.  HS  can  serve  as  soma  mathematical  model  of  the  physical 
universe  or,  in  particular,  as  soma  universe  of  modern  theoretical  physics. 
Models  of  parallel  processing  on  the  basic  of  HS  allow  to  create  data 
processing  systems  and  control  systems  of  high  effectiveness  up  to  .systems 
with  direct  economical  effect  [3,4].  Much  of  work  in  HS  has  been  motivated 
by  the  growing  interest  in  modelling  of  discrete  systems  and  parallel 
computing  technique  [  2-4  ]. 

There  are  other  areas  in  engineering  where  HS  are  applied.  Morn  detail 
discussion  of  these  results  Is  beyond  the  scope  of  the  present  paper.  I 
hope  that  this  work  will  help  to  clear  up  general  aspects  of  the  mathe¬ 
matical  theory  of  HS  and  their  applications  in  engineering  sciences. 


1.  Aladyev  V.Z.,  Survey  of  research  in  the  theory  of  homogeneous  structures 

and  thalr  applications.  Math.  Blosd.,  1974,  vol.22,  121-154. 

2.  Aladyev  V.Z.,  Mathematical  Theory  of  Homogeneous  Structures  and  Their 

Applications,  Valgus  Press,  Tallinn,  1980. 

3.  Parallel  Processing  and  Parallel  Algorithms,  Vol.l  (ad. V.Z. Aladyev), 

Valgus  Press,  Tallinn,  1981. 

4.  Parallel  Processing  and  Parallel  Algorithms,  Vol.  2  (ed. V.Z. Aladyev), 

Valgus  Press,  Tallinn,  1982. 
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Mathematical  Modeling  of  Lubrication  In  Matal  Forming  Procaaaea 

by 

W.  R.  D.  Wilson,  Profaaaor 
Mechanical  and  Nuclear  Engineering  Department 
Northwestern  University 
Evanston,  Illinois  60201 


Abstract 

In  most  metal  forming  processes  extremely  severe  tribological  conditions 
with  high  pressures,  eliding,  surface  deformation  and  often  high  temperatures 
make  effective  lubrication  of  the  workpiece  tooling  interface  essential  to 
economic  viability.  A  wide  variety  of  different  liquid  and  solid  lubricant 
compositions  are  used  but  they  all  have  the  primary  functions  of  preventing 
direct  metal-to-metal  contact  which  can  result  in  workpiece  material  adhering 
to  the  tooling  with  consequent  damage  to  the  product  and  the  necessity  of 
replacing  or  refurbishing  the  tooling.  Lubricants  also  decrease  friction 
between  the  workpiece  and  tooling,  reducing  force  and  energy  requirements  and 
avoiding  residual  stresses  and  defects  in  the  product  by  promoting  more 
homogeneous  deformation.  Tooling  life  is  extended,  not  only  by  the  reduction 
in  stresses  due  to  lowered  forces  but  also  by  the  lubricant  film  reducing  wear 
and  acting  as  a  thermal  insulating  shield  between  the  tooling  and  a  hot 
workpiece. 

A  variety  of  different  lubrication  regimes  can  be  associated  with  a  given 
process.  In  each  regime  different  physical  and  chemical  factors  control 
lubrication.  Different  regimes  can  occur  as  a  result  of  changes  in  lubricant 
and  workpiece  properties,  forming  speed,  temperature,  process  geometry  or 
workpiece  or  tooling  roughness.  Furthermore,  several  different  regimes  can 
co-exist  at  different  locations  in  the  workplace-tooling  interface  or  succeed 
one  another  at  different  stages  in  the  process. 

Most  of  the  mathematical  modeling  of  lubrication  has  dealt  with  full  film 
regimes  in  which  the  surfaces  are  separated  by  a  continuous  film  of  lubricant 
which  has  a  mean  thickness  of  at  least  throe  times  the  IMS  roughness  of  the 
surfaces  involved  and  is  large  compared  with  the  lubricant  molecular  else. 

This  allows  the  lubricant  film  to  be  treated  using  the  methods  of  continuum 
mechanics.  Such  analyses  are  useful  ttot  only  for  detailed  modeling  of  full 
film  regimes  but  also  in  defining  the  range  of  conditions  under  which  full 
films  are  possible  and  thus  implying  which  regime  is  present  in  a  particular 
situation. 

The  various  mechanisms  by  which  full  films  are  formed  and  subsequent ly 
transported  and  break  down  will  be  discussed  In  detail  for  both  liquid  and 
solid  lubricants.  The  influence  of  lubricant  and  workplace  properties  and 
processing  geometry  on  frictional  conditions  and  the  Implications  of  these  on 
choosing  methods  of  characterising  frictions  In  natal  forming  models  and 
screeniag  tests  for  lubricant  effectiveness  will  also  be  analysed. 
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STRAIN  MEASUREMENT  IN  SHEET  METAL  FORMING 


Tlrupatht  R.  Chandrupatla 
GMI  Engineering  and  Management  Institute 
Flint,  Ml  48502 


ABSTRACT 

Circle  grids  are  widely  used  In  measuring  strain  in 
sheet  metal  deformation  processes.  The  use  of  clrcl 
grids  In  the  development  of  forming  limit  diagrams  I 
surveyed.  Application  of  other  grid  geometries  is 
explored. 


GRID  STRAIN  ANALYSIS  IN  SHEET  IETAL  FORMING 

by 

*R.  Sowerby  and  tP.  C.  Chakravartl 
•Faculty  of  Engineering  and  tFaculty  of  Science 
McMaster  University 
Hamilton,  Ontario,  Canada 

While  the  principles  of  grid  strain  analysis  are  well  known,  it  is 
often  not  appreciated  that  the  technique  relies  on  the  assumption  of 
homogeneous  deformation.  This  deformation  mode  converts  straight  lines 
to  straight  lines,  squares  to  parallelograms,  circles  to  ellipses,  etc., 
but  It  Is  unlikely  to  exist  over  the  entire  surface  of  a  deformed  part. 

In  many  sheet  metal  stampings,  both  the  plastic  strains  and  the  strain 
gradients  are  small  over  much  of  the  surface  and  initially  square  or 
circular  grids  do  appear  to  have  been  deformed  into  parallelograms  or 
ellipses.  If  a  deformed  square  has  the  appearance  of  a  curvilinear 
quadrilateral,  then  homogeneous  deformation  has  not  taken  place  through - 
out  that  particular  domain.  Smaller  initial  grids  could  be  employed  in 
order  to  reduce  the  domain  of  inspection,  but  the  measurement  of  very 
fine  grids  of  lines,  dots  or  circles  is  both  tedious  and  subject  to 
large  errors. 

The  question  arises  as  to  the  representative  (or  equivalent!  strain 
accumulated  following  same  homogeneous  deformation  path.  It  transpires 
that  the  minimum  equivalent  strain  Is  accumulated  when  the  deformation 
takes  place  by  pure  homogeneous  deformation.  In  the  latter  mode,  a  pair 
of  orthogonal  lines  can  be  identified,  i.e.  the  principal  axes,  tdrich 
remain  orthogonal  throughout  the  deformation  ana  hence  the  principal 
strains,  and  their  orientation,  and  the  representative  strain  can  be 
evaluated  [1].  Note  this  Is  not  the  case  for  homogeneous  deformation 
and  total  principal  strains  cannot  be  Identified  in  such  processes. The 
objective  of  the  present  work  Is  to  evaluate  the  representative  strain 
for  finite  homogeneous  deformation  processes.  A  technique  has  been 
established  aSereby  -  tee~rifwesentat1  ve  strain  can  be  computed  from  mea¬ 
surements  made  on  the  flmal  deformed  grid,  assuming  that  the  straining 
path  1$  known  and  that  the  sane  mode  persists  from  beginning  to  end. 

Although  circles  have  bean  the  most  widely  applied  grid  pattern,  an 
array  of  dots,  squares  or  rectangles  Is  more  convenient  for  digitizing, 
the  position  of  the  dots  or  the  vertices  of  a  square  cun  hr  monitored  by 
naans  of  an  optical  grid  analyzer.  If  only  the  vertices  of  a  square  ere 
being  trachea,  then  without  loss  of  generality,  the  starting  grid  could 
be  an  array  of  parallelograms  or  seme  other  suitably  shaped  quadrilaterals. 

If  the  Initial  end  final  shape  of  a  grid  Is  known,  but  not  tee  de¬ 
formation  pate,  tee  oily  recourse  Is  to  assume  pure  homogeneous  deforma¬ 
tion  in  order  to  get  **me  estimate  of  tee  strains. 
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Strain  Distributions  In  Hot  Rolling 
Paul  R.  Dawson 

Sibley  School  of  Mechanical  and  Aerospace  Engineering 
Cornell  University 


Aluminum  and  steel  alloys  frequently  are  rolled  In  either  the  hot 
or  vara  working  taaperature  regiue  In  the  early  stages  of  processing. 
Deformations  are  large  and  the  teaperature  changes  result  froa  dissi¬ 
pative  heating  as  well  as  froa  heat  losses  to  the  surroundings.  The 
thensoaechanlcal  histories  of  points  throughout  the  workpiece,  there¬ 
fore,  exhibit  changing  rates  of  deformation,  strains,  stresses  and 
teaperaturea .  Further,  In  some  reglaea  of  deformation,  rate  and  teaper¬ 
ature,  micros true tural  defects  accumulate  and  contribute  to  hardening 
or  softening  of  the  flow  properties.  In  this  presentation,  the 
essential  features  of  a  viscoplastic  formulation  for  modeling  the 
inelastic  flow  of  metals  during  primary  forming  processes  Is  summarised. 
The  methodology  for  integrating  the  strains  experienced  by  material 
particles  as  they  traverse  a  computational  mesh  that  is  fixed  in  space 
is  also  reviewed.  The  central  emphasis  focuses  on  the  application  of 
the  modeling  to  the  rolling  of  flat  slaba.  The  effect  of  various 
assumptions  relative  to  the  traction  vectors  and  heat  flux  transmitted 
across  the  slab/roller  interface  are  examined.  In  particular,  the 
changes  in  the  predicted  free  surface  position,  the  Internal  strain 
field,  and  the  temperature  distribution  are  shown  for  sticking  and 
slipping  friction. 


FINITE  ELEMENT  ANALYSIS  OP  FORCING 
OF  TURBINE  BLADES 

Nguyen  Luong  Dung* 

Department:  of  Mechanical  Engineering 

McMaster  University,  Beatilton,  Ontario,  Canada  L8S  4L7 

Energy  conversion  equipment  such  as  steam  and  gas  turbines  require  large 
number  of  forged  blades.  In  order  to  manufacture  these  blades  in  large, 
numbers  and  with  a  high  degree  of  geometrical  accuracy  the  forging  process 
must  be  carefully  controlled  and  well  understood.  Methods  of  analysis  are 
required  which  will  determine  forging  loads,  details  of  stater ial  flow  and 
the  distribution  of  tooling  or  contact  stresses  throughout  the  process. 

Various  previous  investigations  have  demit  with  plane  etrain  forging  of 
circular  rods;  for  example  LEE  and  R0BAYASH1  (1971)  presented  calculations 
for  side  pressing  of  circular  rads  between  flat  dies.  AKSENOV  et  al  (1975) 
studied  the  unsteady  process  of  blade  forging  both  experimentally  and  theo¬ 
retically;  slip-line  field  analysis  and  numerical  integration  techniques 
were  used  to  determine  contact  stresses  sod  forging  loads  during  deformation. 
Computer  programs  based  on  elementary  theory  have  been  developed  by  AKGERMAN 
and  ALTAN  (1976)  as  a  computer-aid  in  tool  sad  process  design.  Meet  of  these 
theories  predicted  load  and  contact  stresses  satisfactorily  but  did  not 
reveal  adequate  information  on  the  geometry  of  metal  flow.  Because  of  the 
complicated  die  shape  and  the  constantly  changing  thickness  of  material  in 
the  deformation  sone  it  is  difficult  to  analyse  the  unsteady  forging  pro¬ 
cesses  except  by  using  finite  element  methods  such  as  those  developed  for 
these  problems  by  DUNG  (1981). 

In  this  present  paper,  a  simplified  finite  element  method  is  used  to 
analyse  forging  s  blade  from  a  rigid-plastic  material .  The  method  is  based 
on  a  modification  of  Markov's  principle  in  which  incompressibility  and  fric¬ 
tion  at  tbs  boundary  are  added;  use  of  linear  el  meant »  and  a  simplified 
integration  technique  fur  volume  integrals  lead  to  co^utetionel  economy. 

The  unsteady  process  is  analysed  in  a  step-by-step  meaner  using  a  rescuing 
procedure  where  necessary.  The  complete  process  from  the  initial  circular 
billet  to  tbe  final  forged  blade  is  analysed. 

The  finite  element  solutions  agree  well  with  the  experimental  results 
of  AKSENOV  and  the  method  devslrpmd  cam  be  used  to  determine  contact  stresses 
and  material  flow  during  tbs  whole  process.  This  provides  s  valuable 
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technique  for  tbs  tool  and  process  designer. 
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ELECTROMAGNETIC  PROCESSES  FOR  CONTROLLING 
MOLTEN  METAL  FREE  SURFACES 

J.  Stay  6  M.  Garnler 

CNRS  -  GIS  MADTLAM  -  B.P.  S3  X  -  38041  -  GRENOBLE  CEDE! 

France 

In  industrial  Metallurgy,  the  contact  between  the  sol ten  natal  and 
the  walls  used  to  contain  or  to  shape  the  metal  is  at  the  origin  of  nany 
problems  because  of  chemical  contamination  of  the  melt  from  the  walls. 
Moreover  sone  rolling  and  reheating  processes  could  be  saved  and  the  life 
of  moulds  could  be  extended  if  this  undesirable  contact  could  be 
suppressed.  The  possibility  of  Inducing  electromagnetic  forces  in  an 
electrically  conducting  medium  without  any  contact  between  this  nedlias 
and  any  wall,  by  using  alternating  magnetic  fields,  brings  solutions  of 
these  problems  because  the  wall  can  be  suppressed  and  replaced  by 
magnetic  field  lines. 

We  present  same  examples  of  such  electromagnetic  devices  which  can  be 
used  for  flowrate  regulation,  guiding  and  shaping  of  liquid  metal  colisms 
without  having  resort  to  any  wall.  These  devices  are  experimented  with 
mercury  in  Grenoble. 

In  the  electromagnetic  device  for  molten  metal  confinement,  a  coll 
surrounding  the  molten  metal  column  is  provided  with  alternating  currents 
whose  frequency  imposes  tha  skin  depth  to  be  equal  to  the  radius  of  the 
column.  The  effect  of  the  magnetic  field  is  to  make  the  pressure  in  tha 
liquid  to  decrease  and  to  accelerate  the  flow  whose  cross  section  has  to 
reduce.  To  a  given  intensity  of  the  current  in  the  coll  corresponds  a 
given  cross  section.  Flowrate  regulation  is  then  achieved  since  it  is 
possible  to  control  and  to  impose  the  section  of  a  liquid  metal  flow 
whose  velocity  is  fixed  by  the  height  of  metal  above  the  constricted 
section. 

If  a  high  frequency  magnetic  field  configuration  is  imposed  by  a 
suitable  inductor  in  which  tha  magnetic  field  Intensity  is  very  weak 
along  a  given  line,  a  liquid  natal  column  Initially  falling  near  this 
line  will  be  flowing  in  auch  a  way  that  its  axis  will  be  coincident 
with  this  particular  line.  Magnetic  guiding  of  molten  metal  flows  can 
be  so  achieved,  as  confirmed  by  experiments. 

To  obtain  magnetic  shaping  horlsontal  high  frequency  (  300  KBs)  fields 
are  imposed  by  suitably  disposed  conductors  parallel  to  the  axis  of  the 
metal  column.  A  strong  skin  effect  excludes  these  fields  from  the  liquid 
end  the  equilibrium  shape  of  the  column  results  from  the  competition 
between  the  non-uniform  magnetic  pressure  and  the  surface  tension.  Two 
examples  are  presented: 

-  in  the  first  one  the  non- uniform  electromagnetic  force  is  induced 
by  four  parallel  conductors  generating  a  quadrupole  field  centered  on 
the  axis  of  the  metal  colimn.  The  resulting  section  of  tbs  column  is 
cruciform. 

-  in  the  second  one,  two  coils  generate  a  high  frequency  quaal-uni- 
dlrectlonal  field,  perpendicular  to  the  axis  of  the  initially  circular 
molten  metal  column:  the  electromagnetic  forces  tend  to  give  a  eery  thin 
ribbon  shape  to  the  initially  circular  column.  Ribbons  of  several 
centimeters  wide,  easily  obtained,  are  very  stable  under  tha  affect  of 
tha  magnetic  field  and  may  be  used  to  make  amorphous  natal  ribbons. 
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APPLICATION  OP  INDUSTRIAL  ROBOTS  IN  METAL  FORMING 


Dr.  SurendT a  N.  Dvivedi 
The  University  of  North  Carolina  at  Charlotte 
Charlotte,  North  Carolina 


This  payer  ia  a  ewtlatioa  of  study  aad  research  work,  done  to 
answer  the  quest loa  of,  "whet  contributions  are  robots  asking  in  the 
Industrial  world  in  relationship  to  increasing  the  currant  level  of 
productivity”  specifically  in  the  field  of  netalfoming  processes. 

The  various  applications  of  industrial  robots  in  forging,  powder, 
netalforeing,  aus-focaing,  steeping,  aachining,  plastic  aoldlng  have 
been  discussed.  In  aost  of  aetalforalag  processes  loading,  unloading, 
and  lubricating  close  die  presses  ia  fatiguing,  dirty  and  aonotonoue 
Job.  Robots  are  relieving  asn  free  this  tedious,  hazardous  job  in 
tough  environments.  Due  to  recent  researches  nod  the  developments  in 
the  field  of  robotics,  the  capability  of  the  robots  ere  well  aatched 
to  the  loading  aad  unloading  task.  The  reliability  of  the  robots  are 
quite  high.  Robots  are  producing  better  quality  products  in  netal¬ 
foreing  processes.  Considering  the  great  daaaad  of  imaaimad  factory 
in  the  future,  tbs  role  of  robots  are  very  critical  in  eanuf scturing 
as  a  whole  aad  particularly  i»  netalforeing  processes.  Alan  la  this 
paper  on  the  basis  of  the  authors'  research  aad  personal  insight,  the 
sincere  consideration  has  bean  given  regarding  the  future  potential 
application  of  the  industrial  robots  in  natalforadng  process. 
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Table  Kl-Karsaany 
Research  Team  Leader 
Her bins  Thai  Developing  Institute 
Balasatelak,  Hungary 


The  paper  represents  a  aethod  for  conpotarized  data ml nation  of 
optlana  cutting  variables  an  turning  machines.  The  method  takas  into 
consideration  the  variation  of  static  stiffness  of  the  machine  workplace 
system  alaag  the  workplace  ants.  The  systems  atlffaaaa  has  great  influence 
oa  machining  accuracy  when  cutting  long  workpieces  L/D  >  6.  Mathematical 
models  have  haem  derived  and  tasted  by  numerical  examples  solved  on  computer 
by  using  the  gradient  method.  The  paper  also  discussed  the  application  of 
this  method  through  Adoptive  Control  System. 


1.  T.  KL  rilHKHIT  and  F.  PAFAI,  Determination  of  Turning  Machine 

Performance  by  Nonlinear  Programing,  Int.  J.  Mach.  Tool  Dan. 
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Session  FH-5:  PENALTY  METHODS  IN  FINITE  ELEMENTS 


Organizer  and  Chairperson:  T.  M.  WICKS,  University  of 

Mlssourl-Rolla 

Co-Chairperson:  A.  D.  GUPTA,  U.S.  Army  Ballistic 
Research  Laboratory 

*  9:30  -  10:00  G.  F.  CAREY  and  M.  UTKU,  The  Texas  Institute  for 

Computational  Mechanics: 

"Penalty  Methods  for  Inter-Element  and  Boundary 
Constraints" 

*  10:00  -  10:30  M.  WHEELER,  Rice  University: 

"Interior  Penalty  Methods  for  Immiscible  Displacements" 

10:30  -  11:00  COFFEE  BREAK 

*  11:00  -  11:30  N.  KIKUCHI,  University  of  Michigan: 

"On  An  Exterior  Penalty  Method  for  Dual  Variational 
Principles" 

*  11:30  -  12:00  M.  ENGELMAN,  CIRES,  University  of  Colorado: 

"Consistent  vs.  Reduced  Integration  Penalty 
Methods  for  Incompressible  Fluid  Fiona" 
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PBUOT  METHODS  FOR  INTER-EU3CNT 
AND  BOUNDARY  CONSTRAINTS 


G.F.  Carey  and  M.  Utku 
Texas  Institute  for  Computational  Mechanics 

Ms  exam in*  the  use  of  penalty  method*  for  enforcing  constraints 
across  interelement  boundaries  and  for  satisfying  essential  boundary 
conditions.  In  the  former  case,  we  are  specifically  interested  in 
the  Semite  cubic  triangle  (Zienkievice  triangle)  for  plat*  beading 
p  rob  lens.  This  elenant  is  known  not  to  converge.  By  aeane  of  the 
penelty  approach  we  show  that  this  elenent  can  now  produce  convergent 
results.  To  achieve  optimal  results,  the  penalty  paraneter  should 
depend  on  as ah  size  h  end  the  penalty  tent  should  be  under integrated 
If  a  viable  Integral  penalty  form  is  to  hold.  Similar  issues  con¬ 
cerning  the  choice  of  penelty  quadrature  aria*  in  connection  with  the 
use  of  penalty  methods  for  treating  essential  boundary  conditions. 

He  also  show  how  the  boundary  penelty  procedure  permits  us  to 
circumvent  the  Babuske  paradox  dealing  with  polygonal  approximation 
of  a  simply  supported  plate. 
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On  an  Exterior  Penalty  Method 
for 

Dual  Variational  Principles 


Noboru  Kikuchi 

Department  of  Mechanical  Engineering 
and  Applied  Mechanics 
University  of  Michigan 
Ann  Arbor,  MI  48109 


Methods  of  exterior/interior  penalty  have  been  widely  applied  to 
solve  constrained  problems  in  mechanics,  since  they  can  be  physically 
justified  as  Courant  stated  in  his  original  paper  on  penalty  methods  in 
1943. 


In  this  article,  we  shall  apply  an  exterior  penalty  method  to 
resolve  the  equilibrium  equations  in  the  dual  principle  in  linear 
elasticity.  As  shown  In  Taylor  and  Zienkiewlct,  the  exterior  penalty 
method  works  under  certain  restricted  choices  of  finite  elements,  but 
it  is  very  sensitive.  He  shall  discuss  this  in  connection  with  the 
so-called  LBB-condition  that  dominates  the  stability  of  the  method 
and  the  finite  element  approximation. 


CONSISTENT  VS.  SEDUCED  INTEGRATION  PENALTY 
METHODS  FOR  INCOMPRESSIBLE  FLUID  FLOWS 

Michael  S.  Engelman 
CIRES/NOAA 

University  of  Colorado 
Boulder,  Colorado  80309 


The  penalty  function  approach  to  the  fluid  element  simulation 
of  incompressible  fluid  flows  has  achieved  widespread  use  in  recent 
years.  The  majority  of  practitioners  employ  "reduced  integration”  to 
evaluate  the  penalty  matrix.  A  more  general  approach  to  the  penalty 
method  is  to  derive  a  "consistent"  penalty  matrix  from  the  original 
discretiaed  equations.  It  will  be  shown  that  the  reduced  integration 
approach  is  in  fact  a  restricted  subset  of  the  consistent  approach  and 
is,  in  general,  more  accurate.  The  consistent  penalty  method  also 
widens  the  set  of  elements  that  can  be  used  with  the  penalty  formulation. 
Two  large  scale  simulations  will  be  presented  to  demonstrate  the 
effectiveness  of  the  penalty  method:  a  three-dimensional  simulation  of 
the  air  flow  in  an  aerosol  centrifuge  and  the  transit!  .t  simulation  of  an 
lnpackags  pasteurisation  process.  A  motion  picture  of  the  transient 
simulation  will  be  shown. 
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Session  FM-6:  BIOMECHANICS 

Organizer  and  Chairperson:  D.  J.  SCHNECK,  Virginia 

Polytechnic  Institute  and 
State  University 

Co-Chairperson:  I.  KALEPS ,  Wright-Pat ter son  Air  Force  Base 

*  9:30  -  10:00  J.  W.  GIANT,  Virginia  Polytechnic  Institute  and  State 

University: 

"Platelet  Distribution  in  Platelet  Rich  Plasaa 
Following  Separation  from  Red  Cells  by  Sedimentation" 

*  10:00  -  10:30  F.  J.  W ALB URN,  H,  N,  SAB BAH  and  P.  D.  STEIN,  Henry  Ford 

Hospital,  Detroit: 

"Characteristics  of  Flow  in  Branching  Tubes" 

10:30  -  11:00  COFFEE  BREAK 

*  11:00  -  11:30  R.  B.  DAVIS  and  D.  J.  SCHNECK,  Virginia  Polytechnic 

Institute  and  State  University: 

"An  Exaw  ■  atlon  of  the  Heaodynaalc  Aspects  of  Coronary 

Spaaa" 

*11:30-12:00  A.  S.  POPEL  and  M.  LEVIN,  University  of  Houston: 

"Fluid  Mechanics  of  Stochastic  Microvascular  Networks" 
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PLATELET  DISTRIBUTION  IN  PLATELET  RICH  PLASMA 
FOLLOWING  SEPARATION  FROM  RED  CELLS 
BY  SEDIMENTATION 

J.  Wallace  Grant 
Assistant  Professor 

Department  of  Engineering  Science  and  Mechanics 
Virginia  Polytechnic  Institute  and  State  University 
Blacksburg,  Virginia  24061 


In  modern  blood  transfusion  therapy  a  recipient  Is  usually  given 
a  blooo  component  Instead  of  whole  blood.  The  separation  of  blood  In¬ 
to  components  Is  accomplished  In  a  centrifuge  by  the  process  of  dif¬ 
ferential  sedimentation.  An  analytic  model  for  predicting  the  concen¬ 
tration  distribution  of  platelets  and  red  cells  In  the  sedimentation 
process  can  be  developed  from  the  Continuity  equation.  When  allowan¬ 
ces  are  made  for  the  concentration  dependence  of  sedimentation,  the 
resulting  governing  equations  are  a  set  of  two  quasll Inear,  hyperbol¬ 
ic,  first  order,  partial  differential  equations.  The  solutions  to 
this  set  of  equations  can  be  found  by  the  method  of  characteristics. 
This  method  produces  solutions,  which  Involve  discontinuities  which 
propagate  through  the  blood  suspension.  These  discontinuities  separ¬ 
ate  regions  of  constant  concentration,  and  regions  with  concentration 
gradients. 

A  solution  for  the  distribution  of  platelets  In  the  platelet  rich 
plasma  layer  above  the  red  cell  Interface  gives  a  constant  platelet 
concentration  region  followed  by  a  region  of  Increasing  concentration 
gradient.  Measurements  of  the  actual  concentration  profiles  In  plate¬ 
let  rich  plasma  agree  with  the  form  of  this  solution.  In  all  cases 
the  actual  profiles  do  agree  with  the  analytic  solution.  Rotor  decel¬ 
eration  In  the  centrifuge  seems  to  have  a  significant  effect  on  the 
results. 
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Characteristics  of  Flow  in  Branching  Tubes 

Frederick  J.  Walbum,  Hant  N.  Rabbah  and  Paul  P.  Stein 

Departments  of  Medicine  (Division  of  Cardiovascular  Medicine)  and 
Surgery,  Henry  Ford  Hospital,  Detroit,  Michigan. 


Clinical  and  pathologic  observations  reveal  that  atherosclerosis 
occurs  preferentially  at  specific  sites,  such  as  bifurcations. 
Disturbances  of  flew  are  also  present  at  these  sites.  With  this 
realization,  two  fluid  dynamic  factors  have  been  suggested  to  relate 
to  atherogenesis  -  mechanical  damage  by  high  shear  stresses  and  mass 
transfer  in  regions  of  low  shear  stresses.  These  apparently  conflic¬ 
ting  theories  may  be  different  aspects  of  a  more  comprehensive 
phenomenon  -  namely  flow  separation.  The  resulting  wake  region  can 
contain  higji  and  low  shear  areas  which  actually  coexist  spon¬ 
taneously.  It  becomes  important,  therefore,  to  examine  the  character¬ 
istics  of  flow  in  brandling  tubes  in  view  of  the  possible  role  of 
hemodynamics  in  arterial  disease. 

Laser  Doppler  anemometer  studies  were  performed  in  symmetrically 
branched  glass  tubes  with  branch-t o-t runk  area  ratios  and  angles  of 
branching  comparable  to  the  aortic  bifurcation  in  hunans.  During 
equal  branch  flow,  separation  was  not  observed  in  any  of  the  test 
sections  at  Reynolds  nunbers  ranging  up  to  1500.  In  one  of  these 

branched  tubes  that  had  an  area  ratio  of  0.8  and  an  angle  of 

branching  of  70°,  velocity  profiles  in  the  branch  near  the  vertex 
were  markedly  skewed  toward  the  inner  wall.  During  the  minimal  phase 
of  the  flow  cycle,  transient  flow  reversals  were  found  along  the 
outer  wall  at  mean  Reynolds  numbers  below  1000.  The  wall  shear  rate 
during  peak  flew  along  the  imer  wall  ranged  between  500  sec  and 

1600  sec  for  Reynolds  rubbers  of  500  -  1500.  During  unequal  flow, 

separation  occurred  In  the  partially  occluded  branch  vtfien  the  branch 
flew  was  8  to  14  percent  of  the  total  flow  at  Reynolds  nunbers  of 

1000  and  1500.  Spiraling  occurred  in  the  branches  whether  flow  in  the 

branches  was  equal  or  unequal. 

Further  studies  have  been  performed  in  molds  of  normal  and 

atherosclerotic  human  aortic  bifurcations.  A  laser  Doppler  anemo¬ 
meter  was  used  to  measure  the  wall  shear  stress  along  the  lateral 
wall  of  a  normal  human  aortic  bifurcation.  During  peak  flow,  the 
aortic  wall  shear  stress  was  7.1  dynes /cm.  Closer  to  the  vertex, 
the  aortic  wall  shear  stress  diminished  and  at^the  vertex,  the  shear 
stress  along  the  lateral  wall  was  1.4  dynes/an4.  Flow  reversals  also 
occurred  at  this  site.  The  wall  shear  stress  Increased  further 
downstream  in  the  branch.  Flow  in  a  mold  of  an  atherosclerotic  huaan 
abdominal  aorta  and  cannon  iliac  arteries  was  studied  by  flow  visuali¬ 
zation.  Flow  separation  and  transient  flow  reversals  were  fomd 

distal  to  atherosclerotic  plaques.  Spiraling  of  flaw  occurred  in 
both  branches  downstream  from  the  vertex. 

Supported  by  WLBI  grant  Hi 5839-02 
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AN  EXAMINATION  OF  THE  HEMODYNAMIC  ASPECTS  OF  CORONARY  SPASM 

Davis,  R.B.,  III,  and  Schneck,  0.4. 

Virginia  Tech,  Norris  Hall,  Blacksburg,  Virginia  24061 

Although  the  death  rate  due  to  cardiovascular  disease  Is  decltaing, 
this  decrease  Is  due  wore  to  technological  advances  related  to  the  early 
diagnosis  ami  control  of  existing  disease  conditions,  rather  than  to  a 
broader  understanding  of  the  basic  disease  process  Itself.  Thus,  nech 
work  remains  to  be  done  In  this  area,  particularly  In  the  study  of  cone, 
nary  artery  heepdynaeics  and  its  relationship  to  a  specific  fora  of  car¬ 
diovascular  dysfunction,  1.#.,  coronary  spas*.  This  sudden  rapid  con¬ 
striction  of  a  coronary  artery  has  been  linked  directly  to  the  incidence 
of  myocardial  Infarction.  The  recirculating  flew  configuration  depicted 
in  Figure  1  has  been  designed  to  simulate  pulsatile  flew  through  the  left 
min  coronary  artery  and  its  first  two  branches.  The  simulation  was  ac¬ 
complished  by  matching  experimental  non-dimensional  parameters  (such  as 
Reynolds  number,  unsteady  Reynolds  muter,  end  tube  properties  and  gee- 
netry)  to  corresponding  physiologic  variables.  The  elastic  branching  ar¬ 
terial  node!  was  fabricated  in  an  acrylic  meld  using  Dew  Coming  SYLfiAR 
184,  a  silicon-based  elastomer,  fluid  enters  the  test  section  from  the 
left  branch  (the  left  main, coronary  artery},  shown  in  Figure  1  as  viewed 
from  above,  and  either  flows  laterally  tala  the  lef t  clrctwrflex  branch 
or  continues  straight  into  the  anterior  descending  branch.  the  simulated 
spasm  is  accomplished  by  applying  uniform  pressure  to  the  outer  well  sur¬ 
face  of  the  test  section,  thereby  generating  «  pressure  gradient  across 
the  wall  *«  as  to  collapse  the  tube.  Figure  2  shows  e  collapsed  circum¬ 
flex  branch  (*«  viewed  axially  fronthe  branch  site)  with  its  “peanut-  ' 
shaped*  mil  dtsplacemmt  (see  arrow).  flew  Arough  the  test  section  is 
quantified. using  a  photechwnrtc  4*  tr**r  technique.  Local  fl«t«  velo¬ 
city  profiles  a.*t  the  .branch  *it*4*f  ths  test  sectim  ere  obuined  in 
three  dimensions  while  spsctfic  spasm  characteristics  me  varied.  These 
Include:  the  poiAt  hi  the  flow  nycle  at  which  the  spnen  is  initiated; 
the  length  (In  linn)  ofthespatht the  rate  at  whtch  «he  «uhe  ceilapees 
and/or  returns  to  its  snconapeed  state;  the  degree  of  sortuaien  of  the 
vessel  due  %apesmi  and,  *e  anew*  of  ’the-  veaeel  (*n  spam)  that  H  ■■ 
involved  in  tht^Ue|hra.-..ifr,-i^  sllown  one  to  assess  -the 

changes  taking  plane  as  a  result  of  <*—>—  — — 
lag  InpUcatione  at  they  relate  «o 
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FRACTURE  OF  GRAPHITE/POLY  WIDE  COMPOSITES  AT  EXTREME 
TEMPERATURES 

D.  H.  Morris 

Department  of  Engineering  Science  and  Mechanics 
Virginia  Polytechnic  Institute  and  State  University 
Dlaeksburg,  Virginia  24001 


Notched  and  umotched  laminates  Were  tested  at  -250,  75. 
and  «00*F.  The  laminates  consisted  of  Cel  ion  8000  fibers  in  a 
matrix  of  PHR-15  and  NR-150B2  polylmlde.  Elastic  moduli  and 
fracture  strengths  u»fe  determined  for  [*4$]2S,  [0/«5/R0/-451s 
and  [45/0/-4V03j  i  ami  nates.  The  tensile  hamulus  and  tensile 
strength  of  the  unnotched  tt4S]f$  tamlnate  decreased  with  in¬ 
creasing  temperature.  The  effect  of  matrix  mfterlal  on  the 

material  on  the  tensile  modulus  and  stfSigth  Of  the  filter  domi¬ 
nated  [o/45/go/-45]s  laminate  ws  negfitfbfi. 

The  fracture  strength  of  the  ro/45/t#M5ls  notched  lemin- 
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ELASTIC  CONSTANTS  OF  A  UNIAXIAL  COMPOSITE 
IT  FINITE  ELEMENT  ENEJtGY  METHOD 
I V 

I.  P.  Septa 
LOAD  CORNMKTUN 
IMS  Hast  lfth  Street 

EHt,  m  um* 


Several  closed  fen  tad  series  sohftteas  iKtsi  for  the  detenal  ration  of 
effective  elastic  coMUnts  ef  a  ant  axial  canpesfte  layer.  However, 
for  certafn  cuapoefto  Materials,  ttt  properties  obtained  by  using  these 
Methods  differ  freetly  free  each  otter.  Me  Neva  devised  a  new  Method 
based  oo  finite  elaranttechniane  and  strata  see  ray  that  will  eveeceae 
this  shortcerfn.  A  representative  wqTmso  of  an  ldaill«*d  amor  of  a 
crapeiite  ssttnal  Is  ineysad  hr  aoUf  finite  elewent  Method,  ly 
laposlai  atne  sot i  Jf  boaodsty  conditions.  the  energy  values  obtained 
tp  these  nine  analyses  are  How  «s«d  to  solve  a  sot  of  sfovlteaeoox 
stations  for  the  deteral  ratios  of  the  neterlal  stlroessof  the 
c oneosl te  layer.  Na  caTl  this  aothsTtbe Tlalto ElttOOt  Energy  Method. 

Followlad  Is  aa  irrapls  that  gray*  the  talldllaf  of  thl 


canpesfte  havt hi  4 


fraction  of  potent. 


S*  St  *n 


|#Jf  4» 


i*r ■* •  «r  *  •  «n iff  *■*: 


r-uJU*.  LjL  4 


.  'iifrri 

■“A.!..! 


W  *  <**>r5-»  } _  ^ 

UfeVir4-  *«$#, 

I  "  l.  . 

?«**> 

>‘?V'  •  ■  ■*,.  * 

*?*!**■£*.■■  :•  '"-H 


DHNtONAXIOM  OF  FSACTU1E  T0UGWE8S  OF  COMPOSITE  MATERIALS 
S.  hnirjte 

Metallurgical  Engineering 
Indian  iMtttttt*  of  Technology 
Boabay  400076,  India 

Ona  of  the  aajor  problaaa  of  tha  Oioml nation  of  fracture  toughness 
of  a  cnuposlte  notarial,  la  tha  identification  of  tha  load  level  at  which 
an  Instability,  equivalent  to  tha  a  tart  of  orach  eaten slow  la  aatala, 
occurs  in  a  coapoalta  notarial.  Inharant  to  tha  concept  of  fracture 
toughness,  turnover.  la  tha  axiaa  that  tha  stress  Intensity  factor  at  which 
the  Instability  occurs  In  tha  aatarial  should  ha  Independent  of  also  and 
gacaat ry  of  tha  teat  apoclwan.  ha  order  to  evolve  a  staple  but  suitable 
criterion  for  the  ldautlflcatlao  of  tha  instability  which  la  oooa latent 
with  this  salon,  Cl  aad  CCT  apart  nans  with  3. Sac  thickness  eat  of  different- 
widths  ranting  frea  29  to  290oa  have  boon  tea tod. 

Tha  notarial  lawaatt gated  la  a  chopped  strand  net  type  glaas  fibre 
reinforced  pleetlc  coapoolte  whore  tha  crack  propagates  In  a  aelf-aialller 
nanoar  aad  the  fracture  toughness  in  a  aactoaccpfe  seals  la  isotropic.  Tha 
coapoalta  haa  20  percent  glass  fibre  by  voliaae  aad  tha  aatrlx  la  araldlta. 
Tha  dataradantioa  of  tha  fracture  xnaghaeee  of  aueh  type  at  caapoeltes  la 
laportent  since  such  coapoaitas  are  currently  being  considered  for  critical 
load  hearing  applications. 

load  vs.  load  lias  ddaglan  saner  tone  records  wore  obtained  to  suable 
ataul  taaaoua  naeaureuauta  of  L  and  J..  thma  paints  oars  identified  on  tha 
teat  record  -  the  ASM  >39*  5.7.  eecafit  value,  earned  as  Li  tha  avtoa 
value  of  K_  la  the  teat  record,  taraod  as  aad  tha  ana  of  L  at 

•hick  a  allky  dahoodad  sons  forae  at  the  crUSt  tip,  tenant  oaK -. 

It  la  observed  thet  E_  as  alas  tha  K  values  vary  significantly 
with  tha  width  aad  the  epaFiaaa  ganaatry  .  Oh  the  other  head,  I.  la 
alaoat  ladapoadoot  of  alas  and  gaaaotry.  Thu^^mU  fora  Phoslo 

aeaaKd  L  aad  J.  oaluoa  at  dahwadlng  la  good  iudlcatlng  that  a  K-baaed 
toaghaaaa  Could  N  used  la  apita  of  tha  law  thlchaaaa  of  tha  apacfaaaa. 


ACOUSTIC  ANALOGIES  AND  TUUULKNCE 


J.E.  Ffowcs  Williams 

Cambridge  University  Engineering  Department, 

Truaplngton  Street,  Cambridge,  England 

The  mechanics  by  which  sound  evolves  from  unsteady  boundaries  and 
flow  can  be  represented  in  acoustic  analogies  Which  provide  a  formal 
structure  for  analysing  the  process  of  sound  creation.  The  acoustic 
analogy  of  Lighthill  has  been  the  firmest  foundation  for  modelling  the 
Jet  noise  problem.  Studies  of  that  problem  have  gradually  increased  in 
sophistication  and  scope  to  a  point  where  the  analogy  itself  has  been 
developed  to  display  characteristics  that  are  novel  and  a  little  startling 
The  early  models  regarded  turbulence  as  prescribed  and  concentrated 
purely  on  the  acoustical  consequences  of  that  turbulence.  But  the  note 
advanced  analogies  recognise  definite  constraints  on  acoustically 
Important  elements  of  turbulence  and  point  to  the  susceptibility  of  the 
noise  generating  elements  of  turbulence  to  external  stimulus.  Other 
long  waves  induced  by  turbulence  can  be  similarly  analysed  and 
correspondingly  interesting  deductions  made  on  vibrational  fields 
induced  by  turbulent  flow.  This  paper  will  describe  some  of  the 
developments  leading  to  notions  that  turbulence  can  be  influenced  by 
well  chosen  external  stimuli  and  speculate  e  little  on  areas  where 
these  effects  might  have  significant  practical  application. 

BBQAD-BAHD  ACTIVE  SOUND  A1SOUTIOB  IN  A  FIFE  IN  THE  PKSBMX  OP  FLOW 

M.  Sunyach  A  C.  Comte -Ballot 
Ecole  Cent rale  da  Lyon.  Francs 

A  new  active  noise  control  system  is  proposed  with  s  View  to 
reducing  the  inlet  noise  of  centrifugal  fins.  It  coosistW'of. tuo  or 
more  stages  of  single  monppols  controllers ,  each  of  Wm  rmddfcing  the 
noise  in  one  octave  of  broad-bead  sound  in  the  63-500  ha  freqmsnry  range. 

This  aat  up  is  an  laprovannnt  of  tba  nooopole  system  recently 
described  by  Eghtasadi  6  Lauenthall  (J.  AcoueV.  Soe.  Am.,  19B2,  71, 
p.  608). 

Our  investigation  is  mods  in  s  short  (1  m)  square  duet  (0.1  i  0.1m2) 
at  flow  velocities  up  to  30  a/s.  It  is  demonstrated  that  in  the  case  of 
plans  waves,  each  stags,  of  only  0.6  m  length  including  the  detector, 
cam  achieve  attenuation  within  15  -  20  dB  in  third-octave  random  noise, 
regardless  of  variations  la  flow  speed.  From  these  experiments  funds 
mental  limitations  in  flow  duct  noise  control  era  discussed.  It  la 
shown  Out  if  a  suitable  transfer  function  of  the  controll  is  required 
to  maintain  optimal  performance,  the  difficulty  of  accurate  acoustic 
detection  in  the  turbulent  pressure  field  la  the  main  practical  problem; 
tht  cottuitlM  of  toftnloDoo  on  tin  teowtlc  nroonifl  on  mmnmi 

awry  small  at  the  low  frequencies  and  velocities  used  la  the  present 
imvustlgation. 


3 bear  Layer  Ho— nt—  Thickness  an d  Jet  Develop— at* 

Valdis  Kibena 

McDonnell  Douglas  Research  Labs 

A  systs— tic  experimental  data  base  is  being  developed  to  character¬ 
ise  flowfield  instabilities,  their  rale  in  affecting  turbulent  scale 
develop— nt  in  Jet.  sheer  flam,  and  the  potential  for  using  the  Inter¬ 
acting  instability  —chant—  for  control  of  flowfield  and  acoustic-field 
effects  as  the  basis  far  opti—1  noise -suppressor  develop— nt. 

For  jets  with  thin  Issriwsr  initial  shsar  layers,  the  early  develop¬ 
ment  of  turbulent  structure  is  governed  by  the  shear- layer  Instability 
— ebanise ,  I  ,  consisting  of  tbs  growth  of  instability  wane—  at  the  —at 
amplified  frequency ,  f  ,  which  scales  on  the  sheer- layer  — nt—  thick¬ 
ness,  0.  daisy— etric  vortices  damlap,  subsequently  a— Iga— te,  sad 
produce  large-scale  vorticity  concentratie—.  The  region  at  the  end  of 
the  potential  core  in  postulated  to  be  governed  by  the  jet-col— n 
instability  —  dual— ,  I. ,  which  generates  a  frequency  f .  that  scales  on 
the  jet  die— ,  D.  Bxpexl— atal  date  are  presented  for  three  subsonic 
axiaya— trie  air  lata:  1)  For  a  Jet.  with  as  initially  laminar  shear 
layar  with  f  >  2*#,,  the  shear- layer  Instability  —chant—  x  la 
decoupled  free  the  rest  of  the  flew  end  is  1  lei  ted  in  its  effect  to  the 
initial  region  of  the  sheer  layer.  The  rest  of  the  flow  is  governed  by 
the  jet-col— u  instability  —Mae,  I,,  which  is  independent  of 
velocity.  2)  For  s  1— riser  shear  layer  ditb  4  8,  the  sheer- layer 

instability  frequency  governs  the  coherent  ac*leJd*v* lope— it  throughout 
the  entire  flowfield.  The  each— 1—  I.  —tore  only  indirectly  by 
Halting  the  lowest  nnndl— Iona  1  frequency  In  the  flowfield  to 
St.  +  0.15.  3)  The  onset  of  turbulence  in  the  initial  shear- layer 

elxainatee  the  initial  shear  layer  rMcl— ■  —  a  factor  in  deterninlng 
the  rate  at  which  coherent  structures  develop  i»  the  Jet,  Fur  this  case 
the  only  coherent  —clou  la  at  the  irrnw— I  a— bar  St.9  0.45.,  end  the 
flow  Is  governed- setitely  fey  the  Jst— Idn-UffaUUli  node.  The 
influence  of  the  lei  tied,  shear  leg—  as— at—  tkdek— s*  Is  diffseent  is 
jets  with  tUseddfrt  shear  lag— e  (can—  1  esd  Zj.  If  the  frsq— nry 
data  —eared  thraaggewt  the  a— field  a—  nor— Used  with  the  initial 
no— nt—  thickness.  9,  and  plat  tad  sgiileet  the  wnr— Hwef  —at—, 
thickness,  R/B,  raCfear  tfe—  jes  wad— icy,  thee  decs  fa—  several  jets 


The  Phenomenon  of  Self-Excitation  of  Axlijiami  trie  Jets* 


A.K.M.F.  Hussein  and  M.A.Z.  Hasan 
Department  of  Mechanical  Engineering 
University  of  Houston 
Houston,  TX  77004 

The  self-sustained  excitation  of  an  axisymmetric  jet  via  a  'whistler 
nozzle'  appears  highly  promising  for  various  applications  involving  tur¬ 
bulent  transport,  combustion  and  aerodynamic  noise  production.  The 
device  consists  of  a  pipe,  along  with  a  movable  outer  collar,  attached 
to  a  jet  nozzle  exit.  The  characteristics  of  the  phenomenon  and  the 
response  of  the  jet  flow  to  salf-excitatlon  have  been  investigated  for 
wide  ranges  of  the  controlling  parameters,  and  the  phenomenon  at  work  is 
explained.  It  is  shown  that  the  phenomenon  is  the  coupling  of  two 
Independent  resonance  mechanisms:  shear-layer  tone  [l]  resulting  from 
the  impingement  of  the  pipe-exit  shear  layer  on  the  collar  lip  and 
organ-pipe  resonance  of  the  pipe.  The  crucial  role  of  the  shear-layer 
tone  In  driving  the  organ-pipe  resonance  la  proven  by  reproducing  the 
event  in  pipe-ring  and  pipe-hole  configurations  in  the  absence  of  the 
collar.  Furthermore,  resonable  collapse  of  the  data  in  nondime  ns tonal 
form  is  achieved  only  when  the  initial  momentum  thickness  is  used  aa 
the  length  scale.  Unlike  the  Jet  tone,  ring  tone,  hole  tone  [2-4] 
and  the  shear  layer  tone,  where  the  successive  stages  occur  with  overlaps, 
there  are  intra-stage  ranges  for  which  the  whistler  tone  Is  inoperative 
because  conditions  for  both  resonance  mechanisms  cannot  be  simultaneously 
net  in  these  ranges.  The  self-excitation  produces  a  large  enhancement 
of  the  near-field  jet  turbulence  and  increases  jet  spread  at  all  down¬ 
stream  distances.  The  self-excitation  produces  broadband  turbulence 
amplification  in  the  jet  up  to  x/D  «  6.  This  amplification  is  the 
maximum  at  x/D  ■  4  and  is  higher  at  higher  jet  Beynolds  numbers.  Further 
details  of  the  self-excited  jet  characteristics  and  of  the  phenomenon  are 
available  in  references  [5]  and  [6],  respectively. 
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A  Kinetic  Theory  for  Rapid 
Deformations  of  Granular  Materials 

J.T.  Jenkins 

Department  of  Theoretical  and  Applied  Mechanics 
Cornell  University 

We  present  a  theory  for  rapid  deformations  of  granular  materials  that 
mas  recently  proposed  by  Jenkins  and  Savage  [1).  They  focused  attention 
on  a  material  comprised  of  Identical,  smooth,  nearly  elastic,  spherical 
particles  and  used  arguments  employed  in  the  kinetic  theory  of  gases  to 
derive  balance  laws  for  the  mean  density,  mean  velocity,  and  mean  kinetic 
energy  of  the  velocity  fluctuations.  Tha  Introduction  of  s  simple  but 
natural  form  for  the  probability  distribution  governing  the  llkllhood  of 
collisions  between  peirs  of  particles  permits  the  calculation  of  the  stress 
tensor,  the  flux  of  fluctuation  energy,  end  the  rata  of  dissipation  of 
fluctuation  energy.  He  Illustrate  the  predictions  of  this  theory  for  some 
simple  flows.  We  highlight  Che  assumptions  upon  which  tha  theory  rests 
and  emphasize  tbs  limitations  of  the  formal  at  Ion  la  an  effort  to  Indicate 
the  directions  for  further  research. 

Reference 

(1]  Jenkins,  J.T. ,  and  Savage,  S.S. ,  "A  Theory  for  the  Rapid  Flow  of 

of  Identical,  Smooth,  Nearly  Elastic,  Spherical  Particles,"  J.  Field 
Mach,  (pending  publication) . 
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VIBRATIONAL  FLUIDIZATIOH  and  huhk  of  gramblar  materials 

S.  1.  Savage 

Dept.  of  Civil  bglHOlat  and  Applied  Mechanics 
McGill  University 

This  paper  describes  experi easts!  and  theoretical  studies  of 
vibration  induced  flee  and  nixing  of  dry  granular  Materials.  Tests 
Mere  performed  on  spherical  polystyrene  beads  contained  In  a  rectangular 
box  hawing  transparent  front  and  back  wells  aed  a  flexible,  nominally 
horizontal,  bottom  which  could  be  driven  at  various  frequencies  and 
amplitudes.  The  amplitude  of  the  bed  vibrations  wee  a  naxinun  at  the 
center  end  decreased  toward  the  vertical  side  walla.  Because  of  the 
nomaiifocn  energy  input  throngh  the-  bed,  alow  recirculating  flow 
patterns  develop  and  nix  the  granular  sate rial.  Velocity  fields  were 
Measured  as  a  function  of  bad;  vibration  frequency  and  anplltude.  An 
approximate  analysis  of  tba  recirculating  flow  patterns  Is  developed 
by  neklng  use  of  the  constitutive  theory  of  Jenkins  and  Savage  [1]. 


[1]  Jenkins,  J.T.,  and  Savaga,  S.B. ,  "A  Theory  for  the  Rapid  Flow 
of  Identical,  Speech,  nearly  Elastic,  spherical  Particles." 

J.  Fluid  Mach,  (pending  publication) . 


McaaecaMiCALLY  based  un-uPEr Masai  constitutive 

KKLATIODS  FOR  GRANULAR  YUM 

M.  Mb  Melsrebedl 

Pepartnaut  of  Metbeeirsl  fagl nearing 
Tulnes  Shi varsity 

Our  recant  worh  [I]  on  the  nU mnsrhsnlc  si  rtaeariptliwi  of  the 
granular  notarial  behavior  is  ei— ai  tied.  The  relationship  between 
the  overall  stresses  [2]  and  a  measure  of  fabric  of  tba  notarial  [3,41 
la  discussed.  Evolution  of  fabric  end  the  corraeoudiag  kinematics  la 
also  discussed.  Baaed  on  the  observation  that  the  chance  la  fabric 
induces  change  in  contact  forces,  rate-fad spend sot  constitutive 
equations  are  developed,  and  aeon  special  cases  are  considered. 


[1]  Mehrahadl.  MUM.,  and  Marat  Msessr,  f . ,  "A  Mir, mnarhsnlc ally  lesed 
Rata  Constitutive  Description  of  Granular  Materials,”  (pending 
publication) . 

[2]  Christoff er sen,  J. ,  Mahroksdi,  MUM,,  and  Merat-Msoser,  S. ,  "A 
Mlrronerheelcsl  Deacrlptloa  of  Oreaular  Materiel  Behavior,” 

J.  A— A.  Mach.  4>.  339-344  0J81). 

[3]  Ode,  M.,  Herat  Meoeer,  8.,  and  Mehrahadl,  M.M. ,  "A  Statistical 

Stndy  of  Fabric  la  a  Banina  Bearably  of  Spherical  Granules," 
lat'l  J,  ter  Mm.  and  Anal.  Math,  lr  ga - w  6  77-94  (19S2). 

[4]  RhaUdi,  M.M. ,  Hnasr  leaser .  8. .  sad  Oda,  R. ,  "On  Statistical 
Paacriptlea  of  Itrsra  and  Pabalc  la  Granular  Mater lain."  Int'l  J.fi 

rf  w-  ms&i  *T1>  *-  93-108  (1982). 


PROBABILISTIC  STRESSES  IN  GRANULAR  MEDIA 

by 

SUNDAY  C.  CHIKWENDU 

Mechanical  Engineering  Dept.,  University 
of  Nigeria,  Nsukka,  Nigeria. 


ABSTRACT:  In  recent  years  a  probabilistic  approach  is  being  developed 
for  the  prediction  of  stresses  in  a  half-space  of  soil  that  is  subjec¬ 
ted  to  loads  on  the  surface. 

In  the  diffusion  model  the  applied  influence  (normal  surface  load) 
performs  a  random-walk  from  particle  to  particle  and  the  spreading  of 
the  influence  is  analogous  to  a  diffusion  process.  For  the  Boussinesq 
problem  of  a  point  force  acting  normally  (z-direction)  on  the  surface 
(x-y  plane)  of  the  half-space  of  granular  material,  the  vertical-normal 
stress,  ozz,  is  thus  governed  by  the  diffusion  equation 
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where  t  «  z2  gives  the  analogy  between  the  (unsteady)  diffusion  problem 
and  the  (steady)  Boussinesq  problem,  and  C  is  the  diffusion  analogy 
constant . 

The  solution  of  eqn.(l)  for  the  Boussinesq  problem  is,  with  r2  * 
x2  ♦  y2. 


0  _  -  (l/4xCz2)exp<-T2/4Cz2).  (2.) 

For  a  granular  medium  consisting  of  randomly-packed  uniform  spheres, 
it  is  shown  that  C  -I/(S-2),  where  N  is  the  average  number  of  points  of 
contact,  per  partible,  with  other  particles.  This  formula  is  then  used 
to  relate  C  to  the  relative  density  of  the  medium.  Over  a  wide  range 
of  relative  densities  this  formuls  gives  vertical-normel  stresses  that 
are  in  fairly  good  agreement  (especially  near  the  load  axis)  with  experi 
mental  data  for  sands  subjected  to  uniform  circular  normal  surface 
pressure.  This  goes  a  long  way  towards  (perhaps  for  the  first  tin) 
explaining  quantitatively  the  considerable  scatter  in  the  observed 
stress  distributions  in  sands  as  reported  in  the  various  tests  that  have 
been  conducted  over  the  years. 


References:  (1)  Harr,  M.E.,  Mechanics  of  Particulate  Media:  A  Probabi- 
listic  Approach,  McGraw-Hill,  New  York,  1977. 

(2)  Chikwendu,  S.C.  and  Alimba,  M.U.,  Diffusion  Analogy  for  Some  Stress 
Computations,  J.  'Geotech.  Engrg.  Div.,  ASCE,  105,  1337,  1979. 
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Nodal  Control  for  a  Cl as*  of  Linaar 
Discrete  Vibrating  Systems 


A.  N.  Andry,  Jr. 
Lockheed  California  Coapany 
Burbank,  California 

D.  J.  I  nun 

Dapt.  of  Nachanical  Engineering 
SDR 

Aahsrst,  Raw  York 


The  central  topic  of  this  paper  is  the  establishment  of  an 
efficient  synthesis  procedure  for  Modifying  the  nodal  structure  of 
a  vibrating  system.  This  procedure  is  direct  in  the  sense  that  it 
is  non-iterative.  The  setting  of  the  paper  will  be  in  state  apace, 
but  the  actual  design  is  performed  relative  to  classical  speci¬ 
fications,  l.e. ,  nodes  and  mode  distribution,  by  placing  eigenvalues 
in  the  cosplen  plane  and  eigenvectors  at  some  deairsd  locations 
(regions)  within  the  state  space.  The  method  con  handle  configura¬ 
tions  subject  to  structural  controller  constraints.  The  theoretical 
background  sad  a  numerical  example  are  provided. 


LOSCmstHU.  STABILITY  AHD  COHTROL  OF 
A  TWnC  9TKTMC 

L.  6.  Clark 

Univarsity  of  Texas  at  Austin,  Texas 


The  logic  for  Che  individual  control  of  a  vehicle  in  a  noving 
string  is  baaed  on  the  absolute  velocity  of  the  vehicle  and  its  dls- 
p  lac  went  and  velocity  relative  to  the  preceding  vehicle.  The  stability 
properties  ate  considered  free  a  systems  viewpoint  involving  the  entire 
traffic  string  rather  than  one  or  two  vehicles.  The  equations  of  notion 
of  the  ayeten  can  he  expressed  in  the  font 
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vhara  a  •  -y  ♦  a  ♦  v  ♦  *e  ,  y  in  tht  abaulsta  velocity  of  vehicla 
a,  a  it  the  SeviMloa  Iron  tie  plhpar  sparing  he  tun  an  vehicles  n  and 
o~l.  The  fenctlaa  F[*J  in  piecewise  linear  representing  the  signal 
inpet  which  darartnae  the  eccelatntiag  and  braking  of  the  vehicle. 
The  subscript  t  on  F  indicates  a  *  nneand  delay  hatwaen  the  neeenranee 
of  displacement  and  velocity  signals  and  the  m  chant  cal  actuation  of 
brohiag  or  acwlarstlag.  It  haa  been  skoua  that  several  arbitrary 
per  ana  tars  that  would  ordinarily  appear  la  the  abase  agamtlow  can  ha 
rbooea  aa  unity  without  disturbing  the  generality  or  practicality  of 
the  problem.  v(  is  Che  eteedy  state  string  velocity. 

The  Liapunov  approach  la  aaad  to  obtain  certain  bounds  on  the 
percenter  *  which  da tern! use  sagusatlsl  stability.  FMr  the  llsaer 
forms  the  Liapunov  Direct  Muthrd  gives  a  strong  stability  criterion 
then  Is  obtained  by  the  usual  beerier  Transform  vhieh  dans  set  allow 
far  asm  rare  initial  perturbations  in  the  traffic  string,  the  asa- 
Uasar  forma  «aa  only  ha  treated  by  the  Liapuneu  Method. 


id  Co  obtain  certain  bounds  on  the 
maflsl  stability.  Far  the  llsaer 
given  a  strung  stability  criterion 
■tier  Transform  vhieh  keen  amt  allow 
is  in  the  traffic  string,  the  asm- 
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Glvan  a  coMinutlw  —  rh— leal  *ya t*o  Is  an  Inertial  roforoac* 
frame  with  generalised  coord  la* to*  q.  >  q.,  .  .  ,  th*  dynamical 

behavior  la  dotornlaod  by  specification  of  th*  hustle  energy 
T(q, ,q.,c)  and  th*  potaatlal  energy  9(0-  th*  MV**  coaaldar*  th* 
effect  on  th*  behavior  of  aaeh  *yit— *  Mm  th*  roforoac*  *y*toa  1* 
accelerating  and/or  rotating. 

An  exaapls  of  a  atahla  ala* tic  *y*toa  attaeh*4  to  a  aalfonaly 
rotating  (constant  angular  aceoloratioa)  frame  la  disc— ad  la  detail. 
This  problaa  oroao  la  an  attempt  to  doalgn  and  balld  a  high  speed 
grinding  aachln*  for  aadlcal  surgical  halve*  which  raqairnd  a  very 
atablo  grinding  surface. 


Harmonic  Motion  of  hoar  oaoorwat  two .  for  cod,  Dangod 
Syatan*  Subjected  to  Monpoteutlal  To 1 Iowa r  Tore** 
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partamc  of  Aaron*  wtlcal  and  Astronaut  leal  lagtaaarlag 
Th*  Ohio  State  Dnlw* retry 
Colvnhas,  Ohio  A3210 


Solutions  to  th*  hornoalcally  forced  notion  of  a  noncoaoervaclv* . 
viscously  danpad,  coatlanou*  syston  with  oonpotantlal  follower  fore**  1* 
dononstratod.  Th*  solution  la  ohtalaad  by  direct  *wlU*Hia  of  th* 
nathod  of  Bits  through  th*  aquation  which  Hamilton  called  th*  Low  of 
Varying  Action.  Th*  roanltlag  notion  constltuto*  a  "traveling  w aw* 
pbaaonen*  for  which  th*  "phaot  angle"  Is  a  function  of  the  ladapondant 
space  varlablo.  Mo  coaplox  variable*  and  no  differential  agnation 
nor  th*  thaory  thereof  ontor  th*  p rob  Ion. 
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"0a  a  Baa ■■  Lina ar  Thaary  for  Larga  Oaforaatlo—  of 
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iltlw«W.,«.|.TP^  wM-  prow*  a  "MgitW  — HWHifty  tiM«MUS|r  MET) 
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mrm  mt  immmm  «o  tn  ot*n*doftn«o.  Th*  vet  fit  «M  WMttM  point  to 
aHo»  iMtMwnMM  aw  oMtifinoouM  dopondowo  thaatw  on  lmttoT  dMto,  body 
too  aW  alootitfitlov  in  m*  (wthtNiW  ntne.  Tft  flfw*  w  mm*  of  our  ro- 
auieo,  mm  «mB>  Wo  felIooCt*i  antfluiwir  tMm  LoTJC  w  on  hw—mhh- 

aiflfj— t  «a  MMa  ftRti  ^al  tn»  dmMty  aa  t ,  tfw  nwtwttti. 

flatting  g»  awpf-ftftfl  a»»0,  f  »  jcjtfSw'hovo 
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fltS.iHanorv  »  G.A.Ooidi,  Awn.  Motional  Nw*  Mwa  9»  OWB  #«». 
J.UH.«nm».  ZnpftMMMrly  pomm  pwBilft  Sn  «*.  CM  flftgr  Oftwf  Sorwo  th 
Aftfll  NMtn,  SIAM  tlfflj. 


It  It  am  mil  nhNIM  that  ths  Hmydw  Wtmw  tk«  «pi- 
iMMtl  mi  MamtUM  Mlin  Ml  of  crlirirUtl  or  spherical  skills 
sm  targpp  MlllMl  If  ths  f»MMM  of  mnUsMi  lsitUl  gsoustric 
feffiMM.  Is  Wfesm  of  taportasttam  «  the  ittntim  of  cylin- 
Moi  MH  km  aim  Mss  analyse*  M  hyrctatlvcly  tan.  wsmdww  [1,2]. 
Iks  pis  SSI  Issmlplw  is  tks  firs*  k*m  sm  damnetrstiag  ths  offsets 
sf  gsmstrlc  kgstmtias  m  vibrations  at  pressurised  spherical  shells. 

Iks  title  grstlss  is  hemd  as  s  seluCiee  of  the  sss  1  laser  Donnell 
shell  apnttaae  la  tssm  of  a  sores  1  dl  sglormmt  aad  s  stress  fuection.  The 
prs-vlbsatiaa  state  of  static  snail ibriwe  is  deteraiasd  exactly  siace  the 
nee- 1 inner  team  aatoaetlcally  meg  set  fm  te  the  mi -directional  character 
of  the  tattle!  goamtrlc  logsrfactlses.  A  two- tore  sinusoidal  solution  fora 
la  eesoaoi  for  the  riksattsa  sots,  oaf  the  caapetibility  equation  is  solved 
meetly  ta  teem  of  a  three  Sosa  stress  function.  Ike  dyeasdc  eeuilibriua 
aquation  is  tkm  solved  appeaximteiy  using  s  Gelerkia  procedure.  Ike 
aiaiam  frequency  is  inapt  for  all  yessihle  wove  aethers.  Frequency  versus 
applied  pressure  interaction  curves  are  plotted  for  s  fixed  value  of  Poisson' 
retie  (m.J)  aad  various  values  of  the  taperfectioa  saplitude  (!»)  and  wave 
nwher  (e)  (sm  maaple  figure  for  ml.O),  showing  considerable  reduction  in 
vibration  frequency  tar  imorf action  solitudes  on  tan  order  of  the  shell 
thickness. 


(1)  Mat awe la,  L. ,  "Influence  of 
Initial  Geoaetric  luperfoctlons  on 
Vibrations  of  Thin  Circular 
Cylindrical  Pells".  Ph.D.  Disser¬ 
tation,  univ.  of  Ness.,  Sept.  1981. 

(2)  Singer,  J.  aad  Prucs, 'Influence 
of  Initial  Gaomtrical  laperf actions 
on  Vibrations  of  Axially  Cotprssssd 
Stiffened  Cylindrical  Shells",  J.  of 
Sound  aad  Vibration,  Vol.  80,  No.  l, 
1982,  pp.  117-143. 
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ino«»  attempts  have  boon  made  up-  to— data  to  construct 
non-linear  shell  tbaorlaa .  Motivated  by  applications  in  natal 
plasticity,  uhsra,  aapaclally  In  low  hardening  naterlals  a 
anall  strain  formulation  la  Inaccurate  even  at  relstlvwly  low 
atraln  levels  and  by  the  desire  of  asking  only  one  assumption, 
we  construct  a  non-llnaar  shell  theory  suitable  for  large 
deformations  and  strains  valid  for  a  wide  close  of  snelaatlc 
naterlals.  As  mangles  have  bean  worked  out  In  order  to 
give  us  acne  preliminary  Intonation  on  the  behavior  of  this 
theory*  one  Involving  a  thin  elastic  plats  and  the  other 
finite  strain  bending  of  a  thick  plots  and  results  are 
compared  with  enact  eolations. 
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E.  N.  Kuanetsov 

Departaent  of  Gaaaral  Engineering 
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I 

|  A  oat  represents  an  under cons crslnsd  structural  systaa  with  intricately 

i  interrelated  statics  and  geometry:  its  equilibrium  configuration  is  a  function 

of  the  applied  load,  and,  on  the  other  hand,  nqnlllbrlMt  In  a  given  configuration 
is  possible  only  under  certain  types  of  loads.  A  Chebyshsv  net  is  one  of  the 
nest  cannon  nets:  all  of  its  elnantary  calls  are  rhoabi.  It  wee  proved  by 
Cbebyshev  that  due  to  and  at  the  tap seat  of  the  varying  net  angle  the  net  la 
applicable  to  any  smooth  surface. 

The  subject  of  this  study  is  the  atatlcal-gaouatrlc  interrelation  for  an 
itleyanatrlc  Cbebyshev  net.  A  net  segnant  similar  to  a  basketball  net  la 
attached  to  two  parallel  and  coaxial  circular  rings  of  ubtcb  one  is  supported 
in  tbs  axial  dir action  ebiln  the  other  Is  subjected  to  a  given  axial  tension 
fores.  In  thin  coon  tbs  problem  la  hnaagsnaonn  and  haa  no  its  solution 
[  1]  one  of  thn  three  misting  types  of  pnondeopborlcel  surfaces  [1] .  This 
configuration  and  tbs  corona pending  stress  stats  are  taken  as  initial  conditions 
|  for  e  subsequent  surface  bonding. 

Three  types  of  surface  loading  am  considered:  I)  uniformly  distributed 
(pneumatic)  internal  or  asternal  pressure;  X)  centrifugal  lend  resulting 
fren  rotation  of  the  ant  about  its  ante  at  revolution  (either  the  actual 
ness  of  the  net  or  e  uniformly  distributed  surface  neat  are  considered) ;  3) 
normal  prasnom  resulting  from  n  steady  Internal  axial  gas  flow.  Per  each  of 
the  above  loads,  the  first  integral  of  the  solution  was  evaluated  analytically 
yielding  closed  fom  expressions  for  thn  asrldion  slope  and  internal  forces 
in  tha  sat.  These  mam  found  in  terns  of  the  load  par  meters ,  the  net  angle 
and  radius  of  revolution.  Tha  latter,  housver,  can  only  be  determined  numerically, 
using  soma  hind  of  forward  Integration  procedure. 

The  obtained  analytical  solutions  led  to  several  Interesting  qualitative 
results.  Par  sample,  for  a  net  segnant  under  axial  tension  and  uniform 
internal  pressure,  a  cylindrical  fora  is  a  possible  equilibrium  configuration, 
whereas  a  conical  one  is  not.  As  e  result,  dm  a  net  regnst  stretched  between 
two  equal  edge  disks  is  subjected  to  gradually  increasing  peso  euro.  It  changes 
its  shape  froa  n  pssudoepbere  (Gaussian  curvature  E<0> ,  through  a  cylinder  (K-0) 
te  e  barrel -shaped  surface  (*»0) .  in  the  case  of  unequal  edge  disks,  the 
Initially  negative  Cmneim  curvature  first  ranches  tbs  snro  value  at  the 
meller  edge  and  dm  gimm  rim  to  a  son#  of  M  propagating  toward  tha 
largar  edge  and  forming  a  aaqumce  of  boll-ahapad  surfaces . 
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Ttononschinlcal  Coupling  In  Biaxial  Ttomal  ly  Induced  Ham 
E.  C.  Ting*  end's.  Peydarfar** 


Solutions  of  the  transient  themoelastlc  analysis  Induct*  by  rapid 
heatings  or  ttomal  stocks  tout  dram  considerable  In  tarts  t,  particularly  In 
tte  ordnance  dnelopnent  and  In  tto  desip  of  atrospaco  vehicles  and  nuclear 
rate  tor  coaponants.  In  gtntral,  tto  analysis  can  to  classlflad  as  uncouplad 
or  coupled,  dipt  tiding  on  utottor  tto  study  Includts  tto  ttoruoaactonlcal 
coupling  of  fact.  Tto  uncouplad  solutions  art  analytically  slnpler  and  a 
■ajorlty  of  tto  raportod  studies  In  %na«1c  thermal  astlclty  falls  Into  this 
category.  Applications  of  fully  coupled  theory  wart  also  considered 
recently.  The  analysis  Is  usually  uuch  no re  conpl lea  ted  and  thus  solutions 
are  often  Halted  to  asymptotic  fores  or  for  special  cases. 

Because  of  tto  coaplexlty  In  handling  Inertia  and  coupling  effects, 
existing  analyses  are  often  Hatted  to  physical  problaas  which  Involve 
uniaxial  stress  conditions  only.  Usually,  on  Infinite  or  senl-lnflnlte  aedlun 
Is  assuaod  to  el Inina te  reflections.  Based  on  these  studies.  It  has  been 
concluded  that  tto  coupling  effect  Is  not  a  deal nan t  factor.  Hence,  It  Is 
generally  believed  that  toe  coupling  can  either  be  neglected  or  Included 
through  a  weak  coupling  procedure  such  as  explicit  Iterations. 

Recently,  we  have  developed  a  variational  principle  for  the  finite 
elaaent  analysis  which  has  tte  capability  of  treating  strong  coupling  between 
toe  defamation  and  heat  conduction,  without  recourse  to  any  Iterations.  In 
this  paper,  tto  nuaarlcal  actaaa  Is  sutended  to  study  biaxial  stress  waves  In 
a  finite  plane  Induced  by  a  rapid  boundary  heating  or  a  concentrated  heat 
source.  Tto  heat  source  can  either  be  stationary  or  novlng  rapidly.  One  of 
our  results  Is  that  tto  ttommochaalcal  coupling  effect  In  biaxial  condition 
can  be  significant.  Tappers  tore  distribution  and  toe  location  of  the  wave 
front  at  a  specific  tine  can  be  changed  due  to  coupling.  No  also  show  that 
for  longer  tines  tto  coupling  Induces  a  dissipation  affect  In  tto  finite 
donate. 
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Uncoupled  dynaalc  themoelastlclty  solutions  are  presented  for  the 
cate  where  the  aster lei  okays  a  non-Fourier  conduction  law.  In  contrast 
to  the  classics!  Fourier  law  which  predicts  an  Infinite  spaed  of  hoot 
propagation,  the  non-Fourier  theory  used  herein  1 spiles  that  the  speed 
of  thoraol  signals  are  finite.  The  particular  conduction  constitutive 
aquation  uood  accounts  for  thoraul  inertia  by  generating  a  hyperbolic 
WK  COUBBwWII 

Previous  work  In  this  area.  e.g.  Lard  and  Shulaon  [1],  Norwood  and 
Mtrron  [2],  Kao  [3]  and  huyfOh  [43  have  presented  only  Cartesian  therao- 
elastic  sol  attain.  The  present  wart  includes  curvature  effects  by 
developing  solutions  fbr  axlsjuuatrtc  prokl— i  for  regions  Interior  and 
exterior  to  u  circular  cylinder.  All  prsbleuu  deal  with  thoiaslly  in- 
dmetd  strati  wmi  anratAd  tilth  ctso  finctfon  f  Mranfifi  boundin' 

wewww  oov  'Oww  waveo  w^ou  w«  mi  w  waiv  •  vwvwe  rwn  v^w^w*  w^w*  •  ^ 

cenditiens. 

Solutions  are  9anerated  through  the  use  of  Laplaco  transform  and 
asywptotlc  analysis.  Coaparlsans  of  the  toaparsturo,  dlspleceaunt  aad 
stress  fields  with  the  corresponding  classical  Fourier  results  are  pre¬ 
sented.  Results  indicate  that  non-Fourier  teaperatures  and  stresses  are 
initially  larger  than  Fourier  results,  but  that  these  differences  quickly 
disappear  as  tlae  progresses. 
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ABSTRACT 

This  paper  presents  a  study  of  the  response  of  layers 
of  fluid-filled  porous,  elastic  (poroelastic)  materials  to 
various  types  of  moving  surface  loads:  a  problem  which 
finds  application  in  such  disparate  fields  as  biomechanics , 
ocean  engineering,  geotechnics  and  paper  manufacture. 

The  study  begins  with  a  critical  review  of  Biot's 
formulation  of  the  field  equations  of  poroelastic  media. 
These  equations  are  used  to  formulate  the  two  dimensional 
boundary  value  problem  of  a  load  or  displacement  distri¬ 
bution  moving  at  a  constant  speed  across  the  surface  of 
poroelastic  layer  which  is  bonded  to  a  rigid,  impermeable 
surface.  The  problem  is  solved  by  a  Fourier  Transform 
method  which  employs  the  Fast  Fourier  Transform  for  numer¬ 
ical  inversion. 

The  general  solution  form  isussd  to  exam  i  ns  the  effect 
of  the  imposed  surface  load  or  displacement  distribution, 
load  speed,  allowad  flow  conditions  through  the  surface, 
and  layer  thickness  on  internal  stress,  fluid  pressure, 
fluid  flow,  and  distribution  of  flow  through  the  layer 
surface.  Materials  systems  considered  include  water  in 
sand,  articular  cartilage  and  wool  felt. 


ON  THE  BENDING  OF  SKEW  ELASTIC  PLATES 


by 


D.  S.  Chehil,  Associate  Professor 
Department  of  Applied  Mathematics 
Technical  university  of  Nova  Scotia 
Halifax,  N.  S. 


M.  Basso,  Graduate  Student 
Department  of  Mechanical  Engineering 
Technical  university  of  Nova  Scotia 
Halifax,  N.  S. 


This  report  is  concerned  with  the  bending  of  a  parallelogram  plate 
subjected  to  a  transverse  load.  The  analysis  of  this  problem  is  sore 
challenging  than  the  analogous  problem  of  a  rectangular  plate  and  in 
general  closed  fora  solutions  cannot  be  derived.  In  most  of  the 
investigations  dealing  with  the  bending,  buckling  and  vibrations  of  skew 
plates,  various  special  and  approximate  methods  have  been  used  to  find 
a  reasonably  accurate  solution.  In  this  subau.ssion,  the  given 
differential  equation  is  perturbed  to  give  rise  to  a  sequence  of  diff¬ 
erential  equations.  The  leading  equation  of  this  sequence  is  the  well 
known  bi-harmonic  equation  solution  of  which  for  a  particular  problem 
are  either  known  or  can  be  easily  constructed.  Thus,  starting  with  a 
known  solution,  the  solution  to  the  given  differential  equation  can  be 
found  by  a  saquenca  of  successive  approximations .  Tbs  procedure  is 
illustrated  for  a  special  case  where  Idle  edges  of  the  plate  are  simply 
supported  and  the  load  distribution  is  uniform. 
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A  MODAL  APPROACH  TO  THE  SOLUTION  OF 
NONLINEAR  VIBRATION  PROBLOCS 

Khyruddln  Afcbac  Ansari 

Associate  Professor  of  Mechanical  Engineering 
University  of  Petroleua  6  Minerals 
Dhahran,  Saudi  Arabia 


An  approximate  method  of  arriving  at  a  solution  to  nonlinear 
vibration  problems  is  discussed.  The  technique  presented  involves 
derivation  of  solutions  for  free  as  well  as  forced  vibrations  by  an 
application  of  the  stationary  functional  method  using  normal  nodes. 
As  an  example,  the  nonlinear  problem  of  a  three-degree-of- freedom 
spring-mass  system  with  nonlinear  restoring  springs  is  analyzed  and 
numerical  results  are  presented  and  discussed.  It  is  seen  that  a 
definite  advantage  of  applying  this  technique  to  a  lumped-parameter 
system  is  that  nonlinear  modes  higher  than  the  fundamental  can  als« 
be  easily  generated. 


TIRE  SLIP  PHENOMENA 


Or.  Bnris  P.  Votfson 

John  Deere  Product  Engineering  Center 
P.  0.  Box  8000,  Waterloo,  Iowa,  50704 

A  new  approach  is  given  to  explain  vehicle  tire  slip  phenomena.  It 
is  shown  that  the  term  "wheel  slip",  as  used  by  engineers  In  connection 
with  off-road  machines,  covers  four  different  physical  phenomena  which 
we  call  respectively  slip  of  the  first,  second,  third  and  fourth  type. 
Three  of  these  phenomena  are  not  a  slipping  of  a  tire  on  a  surface  and, 
what  is  more,  two  of  them  are  not  essentially  slipping.  The  main  atten¬ 
tion  is  focused  on  coaqxments  of  slip  which  can  explain  the  experimental 
deviation  of  a  flexible  tire  behavior  from  zero  slip  without  any  sliding 
at  the  tire-surface  contact  zone.  On  the  basis  of  this  interpretation 
of  the  slip  phenomena,  an  explanation  of  the  well  known  experimental  re¬ 
lationships  between  pull  (thrust l^aud^slip  is  given. 

In  spite  of  rather  intensive  investigations  a  slip  phenomenon 
(see,  for  example ,  [1-5])  during  many  years  there  is  the  following  text 
in  monograph  [2] : 

"For  the  classical  rigid  wheel  rolling  on  a  flat  plane  any  slip 
whatsoever  is  complete  sliding.  However,  the  flexible  tire  struc¬ 
ture  can  deviate  from  straight  line  free  rolling  without  complete 
sliding  at  the  tire-load  interface.  Although  the  exact  mechanics 
have  not  boon  worked  out,  the  results  are  well  known. "(Horde  in 
bold  type  are  by  B.P.V.) 

In  this  paper  an  attaapt  is  made  to  study  the  ph/slcsl  nature  of 
what  is  known  as  a  tire  slip  phenasmnom  and  to  explain  unknown  mechanics 
on  a  basis  of  the  four  different  physical  phenomena.  Each  of  those  phe¬ 
nomena  manifests  itself  in  an  experiment  as  the  obvious  difference  be¬ 
tween  a  distance  L  =  2  »  R^,  which  the  tire  should  travel  in  each 

revolution,  and  a  distance  Lg,  which  the  tire  travels  in  fact.  If  in 

the  process  of  an  experiment  the  above  mentioned  difference  is  not  equal 
to  zero,  it  would  be  agreed  by  most  observers  that  the  wheal  was  slip¬ 
ping.  But  as  it  is  daattnstrated  in  the  paper,  it  is  not  always  true. 

It  is  shown  that  a  more  accurate  understanding  of  the  slip  phenome¬ 
non  is  important  both  for  dynamic  analysis  of  a  vehicle  behavior  and  for 
correct  choice  of  an  experimental  technique  for  a  slip  measurement  in 
the  process  of  lsb  and  field  tests.  It  is  possible,  that  depending  on 
experimental  conditions,  the  different  parameters  should  be  measured. 
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Exposition,  Detroit,  Michigan,  February  24-2B,  1975.  5.  Phillips ,  J. 
R. ,  The  Powered  Vehicular  Wheel  Plane-Rolling  in  Equilibrium:  A  Con¬ 
sideration  of  Slip  and  Rolling  Rasiatance,  Proceedings  of  the  lat 
International  Conference  on  the  Mechanics  of  Soil-Vehicls  Systems,  To- 
rino-Saint  Vincent,  12-16  June  1961. 


TORSIONAL  RESPONSE  OF  AN  ELASTIC  HALF  SPACE  TO  A 
NOHUNIFORMLY  EXPANDING  RING  SOURCE 

Mulct  imoy  Ghosh 
Department  of  Mathematics 
North  Bengal  University 
Darjeeling  -  734430  INDIA 

The  dynamic  behaviour  of  an  elastic  solid  under  various  form  of 
moving  loads  and  torsional  pressure  has  an  important  role  in  seismology, 
structural  design  and  under  ground  exploration. 

Gakenhelmer  (1971)  presented  in  detail  the  problem  of  a  load 
emanating  from  a  point  on  the  surface  and  then  expanding  radially  at  a 
constant  rate.  Ghosh  (1971)  considered  a  problem  of  propagation  of  a 
stress  discontinuity  over  an  expanding  circular  region  with  a  constant 
velocity.  Strong  (1970)  discussed  the  problem  of  accelerating  line  load 
in  an  acoustic  half  space.  Roy  (1979)  and  Brock  (1980)  discussed  the 
wave  motions  as  expected  in  case  of  a  uniform  pressure  distribution  over 
a  circular  zone  expanding  with  nonuniform  velocity  on  the  surface  of  an 
elastic  half  space. 

In  this  paper  the  displacement  at  any  point  (r ,z,t)  in  the  semi- 
infinite  medium  is  determined  by  prescribing  a  time  dependent  torsional 
force  over  the  rim  of  a  circular  region  by  Cagniard  De-Hoop  technique. 
The  ring  source  la  assumed  to  expand  in  any  arbitrary  manner.  It  is 
found  chat  sometimes  displacement  field  contains  besides  the  usual  SH- 
wovea,  contribution  from  conical  waves  which  arise  due  to  the  motion  of 
the  source.  The  region  of  conical  waves  which  dependon  the  nature  of 
motion  of  the  source  and  the  intlal  speed  of  expansion  of  the  source  are 
investigated  in  detail.  Different  wave  front  surfaces  are  located  and 
first  notion  responses  near  different  wave  arivals  have  been  obtained. 

Niawrlcal  evaluation  of  the  displacement  on  the  free  surface  has 
been  made  for  a  decelerating  source  whose  radius  at  time  t  la  of  the 
form  h(t)  «  Ajt.  Displacements  at  points  on  the  free  surface  for 
different  positions  of  the  source  have  been  plotted. 
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Solution  of  the  Parabolized  Kavier -Stokes 
Equations  Using  the  Agarual  Algorithm* 

W.  W.  Bower 

McDonnell  Douglas  Research  Laboratories 
St.  Louis,  Missouri  63166 

In  a  variety  of  fluid  mechanics  problems,  the  computation  of 
three-dimensional,  steady,  turbulent  flowflelds  does  not  require 
solution  of  the  fully  elliptic  tlae-averaged  Navler-Stokes  equations. 
Rather,  in  these  problaais  there  Is  a  predominant  direction  of  flow  with 
no  flow  reversal  In  that  direction  such  that  the  upstream  conditions 
alone  determine  what  happens  downstream.  These  flows  are  termed 
"parabolic"  and  are  described  by  the  parabolized  three-dimensional 
Xavier -Stokes  equations,  which  are  more  general  than  the  boundary 
layer  equations  since  they  account  for  pressure  gradients  normal  to 
the  primary  flow  direction. 

By  taking  advantage  of  the  parabolic  character  of  the  equations. 

It  is  possible  to  formulate  solution  techniques  which  permit  marching 
from  the  upstream  boundary  to  the  downstream  boundary  and  thereby 
eliminate  the  need  to  simultaneously  solve  the  entire  flowfleld.  This 
approech  offers  savings  In  both  computer  time  and  storage,  since  at 
each  cross-stream  plane  in  the  marching  direction.  It  Is  necessary  to 
solve  the  governing  equations  only  on  that  plane.  Consequently,  only 
a  two-dimensional  array  storage  of  the  flow  variables  Is  required, 
which  permits  finer  grids  end  higher  Reynolds  numbers  than  are 
possible  with  the  finite-difference  solution  of  the  fully  elliptic 
aquations. 

The  proposed  paper  describes  application  of  the  Agarual  algo¬ 
rithm^**  to  the  para hollaed  time-averaged  Xavier -Stokes  and  k-c  tur¬ 
bulence  model  aquations  la  three  dimensions.  This  technique,  which 
In  previous  work*.*  has  been  applied  to  the  fully  elliptic  Ravler- 
Stokes  equations.  Is  based  on  a  third-order-accurate  upwind  scheme 
for  dlscretlslng  the  convective  derivatives.  Details  of  the  solution 
procedure  will  be  described,  and  computations  will  be  presented  for 
two  (one  Internal  and  one  external)  three-dimensional  parabolic-flow 
configurations.  The  first  is  developing  turbulent  flow  In  a  duct  of 
square  cross  section,  end  the  second  Is  an  axlsymnetrlc  Jet  discharging 
from  e  blocking  plate  Into  a  stationary  fluid.  Comparisons  will  be 
nade  between  the  computed  flow  properties  and  date. 

1.  Agarual,  R.  K.,  "A  Third-Order-Accurate  Upwind  Scheme  for  Mavlar- 
Stokes  Solutions  at  Rlgh  Reynolds  numbers",  AIM  Paper  No.  81-0112, 
presented  at  the  AIM  19th  Aerospace  Sciences  Meeting,  St.  Louis, 
MO,  12-13  January  1911. 

2.  Agarual,  R.  K.,  "A  Third-Order-Accurate  Upwind  Scheme  for  Kavlar- 
Stokee  Solutions  in  Three-Dimensions",  Proceedings  of  the  Vinter 
Aanuel  Meeting  of  the  American  Society  of  Mechanical  Engineers, 
MsvsnRsr  1961. 

•Research  conducted  under  the  McDonnell  Douglas  Independent  Research 
end  Development  program. 
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Tha  Mat  content  ant  aanriol  nethoda  that  ara  usod  by  pkpaical 
aciantiata  and  angina affa  to  analyaa  tha  lariardtakn  ipitlani  would 
ba  tha  Marker-And-CaU  Mathod,  a  aart  of  finita  difTereaeae,  and  finite 
alaaanfa.  In  the  praaant  papa**  a  new  f oraulation  ia  propoaad  to 
further  proa tote  too  aarito  of  thaaa  two  techniques. 


By  applying  too  now  faenulation  to  tha  Man  »ar  Btahea  aqpationa , 
siaultaMOMB  apattwa  ehlah  ham  a  M— a  trine!  ooafTieiant  aatrix 
can  ba  introduocd  with  toa  pmtmm  at  nadal  patnta  wahnaan.  Tha  tine 
aplit  prootofo  to  idwaoBi  tot  pmaaaia  and  waiasitr  f ialda  thrangh 
toa  tine  diaaaaian  ia  gpim  aad  la  wand  until  toa  finite  bacoaw 

toa  fact  that  (1)  only  oaa  linear  atopa  fhMtlaa  is  aaaded  far  hath 
preaaure  and  walaoity  and  (a)  toa  natimftr  apah*  can  ba  nuMtaann 
ly  aatiaflad  an  ai  anplryad  tba  atop  ia  thritotd. 


Tha  paaaant  faanalatlaa  atU  ha  gplUI  to  tonaa  rather  practical 
p  rob  loan  :  (1)  oAranlatoay  nation  of  a  Mb  of  fluid  in  too  aqnam 
cavity,  (2)  ventilating  action  of  a  ktgr  of  fluid  in  too  claaad  squ ore 
ragl on  and  (!)  wtoa  fainatian  wand  two  at  a  flee.  In  all  axamlea, 
an  toaprtHi  toaa  atop  naa  datonainad  awperlaantal  ly  to  aatiafy  toe 
oonttnulty  a gentian  riper  own  ly.  Tha  anatom  aim  of  prablea  (090  ala- 
nanta  and  ggg  nadal  paiato)  waa  aolwad  with  46  ninutaa  epu  tinea  by 
a  'HIT  AC  n-aatM*  aaaputar  ays  tan.  It  oaa  ha  aaaa  that  toa  praaant 


Modelling  and  Finite  Element  Simulation 
of  Hydraulic  Fracturing 

by 

J.K.  Lee  and  S.H.  Ad van i 
Dept,  of  Eng.  Mech.,  Ohio  State  Univ. 


Abstract :  Hydraulic  fracturing  is  an  important  stimulation  technique 
widely  used  by  oil  and  gas  industries  in  extracting  energy  resources. 
This  study  deals  with  finite  element  formulations  and  numerical  pre¬ 
dictions  of  hydraulic  fracture  geometry.  Under  a  set  of  suitable  as¬ 
sumptions,  governing  equations  for  the  width  w(x,t)  and  length  L(t)  of  a 
vertical  fracture  can  be  written  as 


c2 

c,  - - -  -  0  if  o  <  x  <  L(t) 

1 

and 

CS  3t  "U  *  C*  £  3t  *  Q  for  o  <  t  <  T 


in  which  c.w  c .  and  Q  are  some  constants  (cf .  [1]  for  a  detail) .  This 
combined  model  is  an  improvement  over  models  proposed  earlier  (see  [2] 
for  a  review) .  Physical  accounts  of  the  model  coupled  with  the  fracture 
mechanics  aspects  and  same  numerical  results  have  beam  reported  by  the 
current  authors  in  tef.  [1].  Current  studies  have  concerned  with  a 
further  laprovammmt  of  the  modal  by  introducing  affects  of  non-Newtonian 
fluids  and  variable  fracture  height  and  searching  for  an  efficient 
solution  algorithm.  Some  of  recent  developments  will  be  presented  along 
with  numerical  results. 


Sofaramcaa 


1.  S.H.  Advani  and  J.K.  Lea,  "Finite  Element  Modal  Simulations  Associated 
with  Hydraulic  Fracturing,''  Soc.  of  Pot.  Eng.  J. ,  April,  19*2. 

2.  J.  Gee rt sue  and  1.  Hsafkens,  "A  Comparison  of  the  Theories  for  Pre¬ 
dicting  Width  and  Extant  of  Vertical  Hydraulically  Induced  Fractures," 
J.  of  Bnorgy  Res.  Tech.,  ASHE,  101,  0,  1979. 


AN  ERROR  ANALYSIS  FOR  SINGULAR 
FINITE  ELEMENTS 


J.  R.  O'Leary 

Assistant  Professor 

Civil  Engineering  Oept. . 

111.  Inst,  of  Tech. 

This  paper  addresses  the  question  of  convergence  for  the  finite 
element  Method  uhen  singular  (crack  tip)  elements  are  employed  In  the 
construction  of  the  approximation  subspace.  A-prlorl  and  a-posterlorl 
error  estimates  are  developed  far  a  model  boundary  valve  problem  defined 
over  a  plane  domain  with  a  reentrant  comer.  The  a-prlorl  estimates 
are  given  In  terms  of  either  the  global  energy  norm  or  the  maximum  norm 
ever  an  Interior  subdomain.  This  latter  measure  allows  for  the  develop¬ 
ment  of  error  ostium  tee  on  opprowfamttono  far  the  strength  Intensity 
factor  whan  obtained  as  an  Inborn!  degree  of  freedom  for  the  singular 
element.  Verification  of  these  melts  It  attained  by  extensive 
numerical  experiments  an  a  suitably  constructed  singular  ordinary 
differential  egsttloo.  The  a  postmrlerl  estimate  Is  obtained  In  terms 
of  a  computet  tonally  convenient  measure  suitable  for  employment  In  a 
self  adaptive  mash  reflnsmant  scheme. 


cm  AN  ISOPARAMETRIC  FINITE  DIFFERENCE  ENERGY  METHOD  AND 
A  FIVE-NODE  FINITE  ELEMENT  FOR  THE  SOLUTION  OF 
FLUID  FLOW  PROBLEMS 


J.  N.  Reddy  and  Richard  Tan 
Department  of  Engineering  Science  and  Mechanic* 

Virginia  Polytechnic  Institute  and  State  University 
Blacksburg ■  VA  24061 

The  paper  presents  results  of  two  separate  investigations:  (1)  an 
isoparametric  finite  difference  energy  netted,  and  (2)  an  isoparametric 
five-node  rectangular  elenent  for  the  solution  of  Navier-Stokea  equations 
for  two-dlnanelonal  incompressible  flows.  Tbs  concept  of  iaoparanstry , 
borrowed  from  the  finite  element  method.  In  finite  difference  energy 
method  makes  the  finite  difference  method  more  flexible  in  the  analysis 
of  flow  problems  with  curved  boundaries.  The  five-node  rectangular 
element  la  investigated  for  its  accuracy  compared  with  that  of  the  four- 
node  rectangular  element  in  the  penalty-finite  element  formulation  of  the 
Navier-Stokea  equations.  Results  are  presented  a bowing  the  relative 
accuracy  and  computational  efforts  involved  in  using  the  isoparametric 
finite  difference  energy  method,  th*  five-node  laoparaawtrlc  element,  and 
the  four-node  isoparametric  element. 


TWO-DIMENSIONAL  COMBINED  MODE  CONVECTION- RADIATION 
HEAT  TRANSFER  BT  FINITE  KLIMENTS 

T.  J.  Chung  and  J.  T.  Kin 
Department  of  Mechanical  Engineering 
The  University  of  BlSbmsa  la  Huntsville 


Th*  two-dimensional  teat  flux  is  derived  and  finite  element  analysis 
is  performed  on  comhtwed  soda  convection-radiation  problems  in  the 
divergent  and  convergent  channel  flow.  It  is  shows  that,  if  the  optical 
thickness  increases  end  radiation  dominates  over  convection,  the  neam 
tenperature  of  the  flow  domain  becomes  high  la  the  divergent  channel 
whereas  this  trend  d lain la tea  la  the  convergent  channel.  If  optically 
thin,  the  effect  of  radiation  on  the  taupe rater*  profiles  la  very  weak. 

It  la  believed  that  calculations  of  t super at are  distribution  for  cwo- 
dlmenalonel  radiative  flux  have  beam  made  available  for  Che  fine  time 
to  the  beat  knowledge  of  the  author a. 
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HEAT  TRANSFER  IN  ftICNBFOLAft  BOUNDARY  LAYER  FLOWS 

Dr.  Dm*  Subba  Neddy  Soria  ! 

Dtparfant  of  Nechenlcal  Engineering  | 

Cl aval and  Stata  University  1 

Cleveland,  ON  44115 


ABSTRACT 


The  study  of  alcrocantinuum  fluid  Mechanics  has  received  the  ' 

attention  of  many  research  Markers.  Erlngen  (1)  has  fonaulatad  the  ! 

theory  of  elcropolar  fluids.  This  theory  includes  the  effects  of  local 
rotary  inertia  end  couple  stresses  and  is  expected  to  provide  a  Mathe¬ 
matical  mdel  for  the  non  Newtonian  behavior  observed  in  certain  Man-made 
liquids  such  as  polymeric  fluids.  The  theory  of  thermonicropolar  fluids  \ 

has  been  developed  by  Erlngen  (2).  Soria  (3)  has  recently  studied  the 
thermal  boundary  layer  of  a  elcropolar  fluid  flou  In  the  vicinity  of  a  \ 

stagnation  point. 

In  the  present  paper,  mb  have  analyzed  the  flow  and  heat  transfer  ! 

characteristics  of  the  nlcropolar  boundary  layers.  The  specific  geo-  i 

Metrics  of  the  flow  are  the  flat  plate  flew,  cross  flow  on  a  circular  \ 

cylinder  and  longitudinal  flew  along  a  circular  cylinder  Including 

traverse  curvature  effects.  The  governing  boundary  layer  equations  for  1  .. 

each  case  are  formulated  and  are  solved  numerically.  The  numerical  »■ 

results  presented  cover  a  wide  range  of  values  of  the  dimensionless  ma-  ' 

terlal  parameters  and  Prandtl  numbers  of  the  fluid.  Similarity  solutions 
are  obtained  for  the  boundary  conditions  of  constant  surface  temperature,  > 

constant  surface  heat  flux  and  viscous  dissipation  effects  are  Included.  ' 

The  effects  of  nonisothemal  boundary  conditions  leading  to  nonsinl- 
larities  in  velocity  end  temperature  fields  are  -diaeusaad. 


I 
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STUDY  OF  NATURAL  CONVECTION  IN  ECCENTRIC  CYLINDRICAL  ANNULI 
USING  THE  VARIATIONAL  APPROACH 

H.M.SADR 

Aeeittant  Profeiaor 
Heehanioal  Engineering  Department 
Unimraitg  of  Fetrolate*  t  mineral*.  Box  I  322 
Ihahtan,  Saudi  Arabia 


The  problem  of  natural  convection  heat  transfer  In  the  annulus  tet- 
ween  two  eccentric  horizontal  tubes  has  been  solved  numerically  by  using 
a  variational  finite  eleaent  method  similar  to  that  used  In  reference  [1]. 
Isothermal  conditions  were  considered  at  the  surfaces  of  the  Inner  (hot) 
and  outer  (cold)  tubes..  The  governing  equations  of  motion,  namely  the 
mass,  momentum,  and  energy  conservation  equations,  were  solved  for  a  range 
of  Rayleigh  numbers,  Ra,  from  10*  to  10*  [baaed  on  the  averag'  gap  width 
b  -  1/2 (Do  -  Di)]  while  keeping  the  Prandtl  number,  Pr,  at  a  constant 
value  of  0.7.  The  eccentricity  of  the  Inner  tube  was  varied  from  0.6  to 
-0.6  times  the  average  gap  width. 

The  method  of  solution  was  tested  by  solving  the  problem  of  natural 
convection  in  a  concentric  cylindrical  annulus  at  different  values  of  Ray¬ 
leigh  numbers  and  comparing  the  results  with  the  numerical  and  experimental 
results  obtained  by  Kuehn  and  Ooldsteln  [2].  The  comparison  showed  an  ex¬ 
cellent  agreement. 


It  was  found  from  the  present  study  that  Increasing  the  eccentricity 
tends  to  change  the  velocity  and  temperature  distributions  significantly 
from  those  prevailing  In  the  case  of  concentric  tubes.  Accordingly,  the 
distribution  of  the  tesperature  gradient  at  the  surfaces  of  the  inner  and 
outer  tubes  and  the  local  heat  transfer  coefficient  were  found  to  vary 
considerably.  Hgure  (1)  shews  a  typical  streamline  and  Isotherm  pat¬ 
terns  Tor  the  case  of  Rayleigh  number,  Ra  *  10*,  Prandtl  number,  Pr  •  .7, 
and  eccentricity  ratio  e/b  -  -0.6.  These  lines  were  plotted  only  In  one 
half  of  the  field  because  of  synsMtry  with  respect  to  a  vertical  plane 
passing  through  the  axes  of  the  Inner  and  outer  tubes.  The  overall  con¬ 
vective  heat  transfer  coefficient  Increased  by  as  much  as  381  at  Rayleigh 

number  Ra  *  10*,  dlaawter  ratio  p®  •  2.6  and  eccentricity  ratio  of  -0.6. 

However,  at  high  Rayleigh  numbers,  the  effect  of  Increasing  the  eccentri¬ 
city  on  the  overall  heat  transfer  coefficient  becosMS  less.  The  general 
criteria  agrees  with  the  experimental  results  obtained  by  Kuehn  and  Qol ci¬ 
stern  [3]  at  high  Rayleigh  numbers.  The  muserlcal  solution  gave  an  In¬ 
sight  to  the  flow  and  temperature  fields  which  enabled  accurate  determina¬ 
tion  of  the  local  and  overall  heat  transfer  rates, 
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Finite  Element  Analysis  of  Anisotropic 
Micropolar  Elastic  Materials 

by 

S.  Nakamura 
R.L.  Benedict 
R.S.  Lakes 

Materials  Division 
College  of  Engineering 
University  of  Iowa 
Iowa  City,  Iowa 

The  total  potential  energy  for  a  body  composed  of  an  anisotropic  micro- 
polar  linear  elastic  material  is  developed  and  used  to  formulate  a  displace¬ 
ment  type  finite  element  method  of  analysis.  As  an  example  of  this  formula¬ 
tion  triangular  plane  stress  (and  plane  couple  stress)  elements  ate  used 
to  analyze  several  problems.  The  program  is  verified  by  computing  the  stress 
concentration  around  a  hole  in  an  isotropic  micropolar  material  for  which 
an  exact  solution  exists.  Several  anisotropic  material  cases  are  presented 
which  demonstrate  the  dependence  of  the  stress  concentration  factor  on  the 
micropolar  material  parameters. 


Finite  Element  Fornulation  of  Multilayered  and  Thick  Shells 

by  Marcelo  Epstein  and  H.  Peter  Huttelnaier 

Department  of  Mechanical  Enginering 
The  University  of  Calgary 
Calgary,  Alberta,  Canada 
T2N  1N4 


Based  on  the  general  nonlinear  theory  of  multilayered  shells 
presented  in  [1],  a  finite  element  analysis  is  developed  which  can  be 
applied  not  only  to  true  multilayered  shells,  but  also  to  very  thick 
shells,  by  subdividing  the  thickness  into  an  arbitrary  number  of  layers. 
Such  shells  are  beyond  the  range  of  applicability  of  so-called  thick 
shell  theory  in  which  transverse  shear  strains  are  included  by  allowing 
the  normal  to  the  shell  to  remain  straight  but  not  necessarily  normal 
to  the  reference  surface.  In  the  theory  used  herein  a  generalized 
version  of  this  hypothesis  is  used  Independently  for  each- layer  and  as 
a  result  any  transverse  shear  or  normal  strain  variation  can  be  accommo¬ 
dated  by  a  sufficiently  large  number  of  layers.  As  shown  in  [2]  for  the 
case  of  beams  and  plates  very  accurate  transverse  strain  and  stress 
distributions  are  obtained  even  in  extreme  situations. 

A  bilinear  isoparametric  concept  is  adopted,  which  has  been 
shown  [3]  to  yield  reliable  results  in  thin  shell  theory  and  to  be 
economically  competitive.  This  is  coupled  with  a  direct  fornulation 
of  the  stiffness  from  the  principle  of  virtual  work  which  results  in  a 
considerable  saving  in  computer  implement at ion.  A  number  of  examples , 
including  laminated  shells  and  thick  structures,  are  presented  to  illus¬ 
trate  the  accuracy  and  versatility  of  the  formulation. 


[1]  Epstein,  M.  and  Glockner,  P.G.,  "Nonlinear  Analysis  of  Multilayered 
Shells”,  Int.  J.  Solids  and  Structures,  13,  1081-1089,  1978. 

[2]  Epstein,  M.  and  Huttelnaier,  H.P.,  "A  Finite  Element  Formulation  for 
Multilayered  and  Thick  Plates",  Report  No.  218,  Dept,  of  Mech.  Engg., 
University  of  Calgary,  February  1982. 

[3]  Kanok-thkulchai,  W.,  Taylor,  R.L.  and  Hughes,  T.J.R.,  "A  large  Deform¬ 
ation  Formulation  for  Shell  Analysis  by  the  Finite  Element  Method", 
Computers  and  Structures,  13,  19-27,  1981. 
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Approximate  Analysis  of  Non-Axisysmetric  Configurations 
J.N.  Craddock 

Engineering  Mechanics  and  Materials 
Southern  Illinois  University 
Carbondale,  XL  62901 

A  finite  element  method  of  analysis  is  developed  for  structural 
configurations  which  are  derived  from  axisymmetric  geometries  but  con¬ 


tain  definite  nonaxi symmetric  features  in  the  circumferential  direction. 

The  purpose  of  the  present  analysis  is  to  develop  a  method  which  will 
take  into  consideration  the  fact  that  the  stress  and  strain  conditions 
in  these  geometries  will  be  related  to  the  corresponding  axi symmetric 
solution.  The  analysis  is  devleoped  in  terms  of  a  cylindrical  coordi¬ 
nate  system  r,  8  and  z .  As  the  first  step  of  the  analysis,  the  geometry 
is  divided  into  several  segments  in  the  r-6  plane.  Each  secnent  is 
divided  into  a  set  of  quadrilateral  elements  in  the  r-s  plane.  The 
axisymmetric  displacements  are  obtained  for  each  segment  by  solving 
a  related  axisymmetric  configuration.  A  perturbation  analysis  is  then 
performed  to  match  the  solutions  at  certain  points  between  the  segments, 
and  obtain  the  perturbation  displacements  for  the  total  structure.  The 
total  displacement  is  then  the  axisymmetric  displacement  plus  the  per¬ 
turbation  displacement.  The  stresses  and  strains  are  then  calculated 
at  any  desired  point  once  the  total  displacements  are  known.  The 
method  is  applied  to  a  number  of  examples  to  illustrate  the  accuracy 
of  the  method.  The  results  for  these  examples  are  presented  and  dis¬ 
cussed.  A  detailed  discussion  of  this  problem  is  presented  in  Refer¬ 
ence  [1] 

A.  R.  Zak,  J.  M.  Craddock,  N.  H.  Dry sd ale,  "Approximate  Finite  Element 

Method  of  Stress  Analysis  of  Non-Asixymmatric  Configurations". 

Introduction  J  of  Computers  and  Structures.  Vol.  9  (1978) ,  pp.  201-206. 
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STRESS  ANALYSIS  OF  FRICTIONAL  CONTACT  OF  THREADS  JOINTS 


Janes  L.  Hill,  Profeasor 
Department  of  Engineering  Mechanics 
University  of  Alabama 
Tuscaloosa,  Alabama 

Surawat  Chaivirat,  Assistant  Professor 
Chulalongkorn  University 
Bangkok,  Thailand 


The  analysis  of  a  threadad  joint  is  considered  an  axlsymmetrlc 
contact  stress  problms.  The  threaded  joint  includes  multiple  contact 
surfaces  on  which  dry  friction  governs  the  slippage.  T  .e  stresses  sad 
displacements  in  frictional  contact  problems  are  loading-history  de¬ 
pendent  and  are  calculated  Incrementally. 

A  numerical  solution  technique  la  developed  to  analyse  frictional 
contact  of  threaded  joints.  The  axisyssMtric  finite  element  method  is 
used.  Bodies  in  contact  are  decomposed  into  smaller  parts,  some  of 
which  are  identical.  A  simple  static  condensation  is  performed  on  each 
part  of  the  bodies  to  reduce  tl;  maker  of  unknown  displacements. 

Multiple  contact  surfaces  are  possible.  Contact  forces  are  calcu¬ 
lated  by  using  the  local  flexibility  equations  of  each  pair  of  contact 
surfaces.  Loads  are  applied  incrementally,  and  the  solution  is  sought 
by  means  of  am  lnteratioo  procedure  for  each  load  level. 

The  method  is  checked  with  the  well-known  classical  Herts  problem 
involving  contact  between  a  sphere  and  an  elastic  space.  Results  are 
in  good  agreement  with  the  analytical  solution.  History  of  load-depen¬ 
dence  of  frictional  contact  problems  is  established  in  the  second 
example  using  a  hollow  cylinder  pressed  on  an  elastic  base.  Stress 
analyses  of  a  threaded  joint  with  and  without  friction  are  presented  in 
the  last  example. 

This  work  was  supported  by  the  U.S.  Army  Missile  Coanwnd  under 
Contract  KAAK40-76-C-1Q84 . 
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IDEALIZATION  OF  P RE STRESSING  FORCES  FOR  FINITE  ELEMENT  ANALYSIS 


Fahim  A.  Bat la 

Department  of  Civil  Engineering 
North  Dakota  State  University 
Fargo,  ND  58105 

The  exact  repreaentation  of  the  feoactry  of  tendon  profile  and  the 
variation  of  the  prestressing  force  along  the  tendon  length  for  the 
analysis  of  a  prestressed  concrete  structure  by  the  finite  element  method 
is  a  complex  and  time  consuming  effort. 

In  the  finite  element  method  a  continuum  la  considered  to  be  an 
assemblage  of  discrete  elements.  This  paper  presents  a  similar  approach 
In  which  a  prestressing  tendon  Is  represented  by  piecewise  straight 
segments.  The  tendon  is  divided  In  as  many  segments  as  the  number  of 
elements  It  passes  through,  and  the  preatreaalng  force  is  assumed  to  be 
constant  within  each  segment.  The  prestressing  force  In  each  element  is 
then  represented  by  concentrated  loads  on  the  edges  of  the  element.  The 
effective  prestressing  force  in  each  segment  of  the  tendon  is  evaluated 
by  the  conventional  methods  of  the  prestressed  concrete  design. 

The  overall  effort  of  representing  the  tendon  profile  and  the  pre¬ 
stressing  force  is,  therefore,  substantially  reduced.  The  approximation 
of  the  tendon  profile  and  the  prestresalng  force  In  the  tendon  converges 
rapidly  to  the  exact  representation  as  the  washer  of  divisions  of  the 
structure  for  the  finite  element  analysis  Is  Increased.  The  analysis 
using  this  approach  Indicate  a  very  good  comparison  with  the  results 
obtained  by  using  the  more  rigorous  methods  of  analysis  In  which  the  pre¬ 
stressing  forces  are  more  accurately  represented. 
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Temporal  Finite  Elements  Based  On  a  True 
Hinlaun  Principle  for  Initial  Value  Problems 

by 

S.  Nakamura 
R.L.  Benedict 

Materials  Division 
College  of  Engineering 
University  of  Iowa 
Iowa  City,  Iowa 

A  symmetric,  convex,  functional  is  presented  whose  necessary  conditions 
for  minimization  are  the  dynamic  equations  of  motion  and  their  appropriate 
Initial  boundary  conditions.  A  temporal  finite  element  method  is  developed 
by  discretizing  this  functional  using  shape  functions  in  a  manner  analagous 
to  the  development  of  spatial  finite  elements.  The  equations  of  motion  for 
a  linear  dynamic  system  are  thus  reduced  to  a  set  of  linear  algebraic 
equations.  The  resulting  coefficient  metrix  is  large  but  very  sparse  and 
well  structured.  A  computational  technique  has  been  developed  which  takes 
advantage  of  the  special  structure  of  this  awtrix  to  collapse  its  nonzero 
eleawnts  into  a  narrow  band  to  Increase  solution  efficiency. 

The  resulting  dynamic  analysis  technique  is  stable  for  arbitrary  time 
discretizations  and  works  well  for  stiff  systems.  Convergence  is  uniform 
and  "even"  in  a  global  sence.  That  is,  we  observe  that  the  error  at  the 
final  time  point  is  no  greater  than  the  error  anywhere  else  in  the  global 
time  interval. 

Computational  examples  are  presented  which  compare  this  technique  to 
various  integration  techniques.  Examples  include  multiple  degree  of  freedom 
particle  problems  and  a  spatial  finite  element  discretized  beam. 
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M.  Sathyaaoort'.y  and  Robert  Mulled; 

Department  of  Mechanical  and  Induatrlal  Engineering 
Clarkson  Collage  of  Technology 
Pots dan,  New  York  13676,  USA 

Abstract 

Nonlinear  static  and  dynamic  behaviors  of  beans  with  various  bound¬ 
ary  conditions  have  been  studied  by  several  investigators  in  the  past 
[1].  A  recent  survey  paper  by  Reddy  [2]  summarizes  the  contributed  ef¬ 
forts  in  the  area  of  nonlinear  analysis  of  beans  during  the  last  ten- 
year  period  using  the  finite  elaaant  aathod.  Moat  of  the  investigations 
reported  so  far,  however,  are  concerned  with  geometric- type  nonlinear¬ 
ity  where  the  nonlinearity  is  either  due  to  nonlinear  nonant-curvature 
relationship  or  due  to  nonlinear  strain-displacement  relationship  caused 
by  the  extension  of  the  neutral  axis  of  the  bean.  These  two  types  of 
nonlinear lties  are  the  result  of  a  bean  undergoing  large  deformation. 

In  contrast  material  type  nonlinearities  have  received  far  less  atten¬ 
tion  in  the  literature.  Iyengar  and  Mur  thy  [3]  used  progressing  tech¬ 
niques  to  study  the  free  vibration  behavior  of  singly  supported  beans 
with  nonlinear  material  properties  while  Prathap  and  Vs  redan  [4]  inves¬ 
tigated  the  nonlinear  load  deflection  behavior.  This  paper  is  concern¬ 
ed  with  the  study  of  nonlinear  static  and  dynamic  behavior  of  beans  with 
Rauberg-Oagood  type  of  stress-strain  formula,  that  is  characterised  by 
a  continuous  slope  change  typical  of  astals  at  elevated  temperatures. 

The  finite  element  technique  is  used  to  obtain  solutions  for  beans  with 
various  boundary  conditions  made  of  nou-Moohaan  materials .  Nonlinear 
load-deflection  curves  are  presented  for  static  problems.  Linear  and 
nonlinear  fundamental  frequencies  are  tabulated  for  dynamic  cases.  Ef¬ 
fects  of  both  notarial  nonlinearity  and  boundary  conditions  on  the  non¬ 
linear  behavior  are  discussed.  Present  results  are  compared  with  some 
existing  solutions  wherever  possible  13,4]. 
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ABSTRACT 


A  Hew  Doubly  Curved  Mixed  Hybrid  Finite  Element  for  Thin  Plete  Anelysle* 


Dlultrlos  Karaoanlidis**,  Le  The  Hung,  Re If  Heeslich 
Technical  University  of  Berlin,  Berlin,  W.  Germany 
‘‘Presently  at  Georgia  Inetltute  of  Technology 
Atlanta,  GA  30332 


The  purpose  of  the  present  investigation  is  the  developed t  of  a  doubly 
curved  shallow  shell  element  based  on  a  nodi fleet ion  of  the  Hellinger/Prange/ 
Re issuer  variational  principle,  wherein  the  priaal  variables  a  and  g 
(vector  of  the  shell  stress  resultants  and  boundary  displacement  vector 
respectively)  are  asstaeed  so  as  to  satisfy  a  priori  conditions  listed  below: 

a)  '  nembrane  equilibrium  aquations 

b)  shallow  shell  bending  equilibria  equation  and 

c)  displacement  boundary  conditions  on  C  (part  of  the  boundary  on 
which  displacements  are  prescribed).  u 

Comparing  the  new  nixed  hybrid  triangular  shell  elenent  (see  Fig.  1)  with 
assumed  displacement  finite  elements  the  following  major  advantages  of  the 
new  element  can  be  pointed  out: 


a)  the  exact  representation  of 
Che  rigid  body  as  wall  as 
the  constant  strain  modes, 

b)  the  a  priori  enforcement  of 
C*  interelement  displacement 
continuity  (the  lnterelanent 
erection  reciprocity  contin¬ 
uity  being  eetisfled  e 
posteriori  as  natural 
boundary  condition). 


Furthermore,  it  is  worth  noting  that  in  comparison  with  similar  recently 
developed  mixed  hybrid  shell  elements  [1J,  [2]  the  following  improvements 
have  been  made  within  the  new  element: 

e)  a  priori  satlsf action  of  the  complete  shallow  shall  banding 
equilibrium  equation  Instead  of  only  the  homogenous  pert  of  the 
plate  bending  equation,  and 

b)  C°  continuous  shell  geometry  approximation  (upon  use  of  auxiliary 
nodes.  Fig.  1)  in  contrast  to  the  discontinuous  ones  used  in 
[1],  12]. 

In  order  to  demonstrate  the  applicability  and  efficiency  of  tha  new  element, 
extensive  numerical  studies  on  relevant  problems  have  been  carried  out. 

Is  search  sponsored  by  the  German  Science  Foundation  (MG)  under  Grant 
Ka  4*7/3. 
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COMPUTER-AIDED  DESIGN  AND  OPTIMIZATION  OF  A  FOUR-BAR 
MECHANISM  TO  TRACE  A  GIVEN  PATH 

»y 

A.  Nassirharand*  and  B.  Kaftanoglu** 

School  of  Machanical  and  Aaroapaca  Engineering 
Oklahoma  Stata  Univarsity,  Stillwater,  Oklahoma  74078 

ABSTRACT 

The  prasant  study  introducas  a  numerical  procadura 
and  an  algorithm  to  aynthasisa  a  four-bar  aachanism 
so  that  its  couplar  point  ganaratas  a  givan  path  a.g. 
a  straight  lina  with  tha  laast  possibla  arror.  In 
industrial  applications  such  aachanisas  ara  usad  to 
generated  specific  motions  in  cutting,  welding,  hoist¬ 
ing,  and  in  a  multitude  of  other  operations  where 
robotics  ara  being  used  for  automated  production. 

In  the  present  study,  tha  general  aquations  of 
motion  are  developed  for  Any  four-bar  linkage  giving 
the  coordinates  of  the  couplar  point  as  a  function  of 
the  crank  angle.  Tha  required  path  to  be  followed  is 
expressed  by  an  equation  and  in  this  paper  a  linear  path 
is  givan  as  an  exaaple.  Tha  normal  distance  between 
tha  couplar  curve  and  tha  raquirad  path  is  computed  for 
an  arbitrary  number  of  points,  and  squared  and  summed 
to  find  tha  arror  function.  Using  a  constrained 
modified  Roeenbrock  optimisation  algorithm,  this  arror 
is  minimised  by  altering  tha  design  variables  such  as, 
tha  dimensions  of  tha  four-bar  mechanism,  starting 
angle  and  etc.  For  the  example  givan  in  tha  paper, 
an  accuracy  of  lass  than  3  percent  has  been  obtained 
for  the  approximations  of  the  required  path  by  the 
coupler  curve. 
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LARGE  DEFLECTION  BENDING  OF  LAMINATED  SHELLS* 

W.C.  Chao  and  J.N.  Reddy 
Department  of  Engineering  Science  and  Mechanics 
Virginia  Polytechnic  Institute  and  State  University 
Blacksburg,  Virginia  24061 


Abstract 

A  finite-element  analysis  of  laminated  anisotropic  shells  is 
Investigated  using  the  so-called  three-dimensional  degenerate  element. 
The  element  1$  be-ed  on  the  incremental  variational  formulation  (l.e., 
virtual  work  statement)  of  the  total  Lagrangian  description  of  the 
equations  of  shells.  The  element  has  five  degrees  of  freedom:  three 
translational  degrees  of  freedom  along  the  global  coordinate  axes,  and 
two  rotations  with  respect  to  the  (element)  local  axes.  The  element  Is 
used  to  obtain  load-deflection  results  for  shells  of  various  geometries 
under  different  boundary  conditions.  The  present  results  are  compared 
with  the  results  of  a  two-dimensional  shear-deformable  shell  theory  that 
accounts  for  the  von  Klrmfn  strains,  and  with  the  results  of  other 
finite-element  analyses.  The  present  results  are  found  to  be  in  good 
agreement  with  the  other  results. 


*The  results  reported  here  were  obtained  during  an  investigation  sup¬ 
ported  In  pert  by  the  Structural  Mechanics  Program  of  the  Air  Force 
Office  of  Scientific  Research  and  the  Mechanics  Division  of  the  Office 
of  Naval  Research. 
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Abstract 


The  maimer  in  which  matrix  shear  prapartias  affect  the  notched  behavior 
of  unidirectional  boron/ aluminum  ia  aaaeaaed.  Canter- notched  tensile 
specimens  of  as-fabricated  boron  reinforced  1100  and  Mil  aluminum  were 
tested.  The  l/MU  was  also  tasted  ia  a  heat-treated  condition.  Pre¬ 
vious  rail  shear  teats  of  these  materials  revealed  significant  dif¬ 
ferences  in  their  shear  response .  The  load-notch  opening  displacement 
records  of  the  notched  specimens  also  exhibit  significant  differences. 

The  maximum  notch-opening  dieplecnsmwt  attained  by  the  hent-treeted 
l/MU  is  just  21X  of  that  of  the  M/I100  even  though  their  failure 
loads  are  mithin  8X. 

A  previously  developed  method  of  analysis  is  used  to  calculate  stresses 
within  s  specimen  and  also  its  overall  response  to  load.  This 
analysis  ia  based  upon  the  familiar  shear-leg  as  swaptions  and  is  formu¬ 
lated  for  finite-dimensionmd  monolayers  made  from  work-hardening  con¬ 
stituents  (1].  Predicted  response  is  a  function  of  measured  constituent 
properties  end  specimen  geometry.  The  specimens  tested  contained  a 
0.5  in.  notch  and  were  1.0  in.  wide  with  a  3.0  in.  gage  length.  Calcu¬ 
lations  were  performed  with  both  uniform  traction  and  uni fore  edge 
displacement  boundary  conditions.  Calculated  aatrix  yield  eonee  for 
materials  with  a  relatively  high  yield  strength  are  sufficiently 
localised  that  both  boundary  conditions  produce  nearly  identical 
results.  The  predicted  load-notch  opening  displacenent  records  are 
in  excellent  agreement  to  those  actually  measured.  Materials  with 
rather  soft  matrices!  such  as  found  in  the  B/1100,  exhibit  different 
behavior;  yielding  is  predicted  throughout  the  gage  section.  The  pre¬ 
dicted  maximum  load  carried  by  «  M/1100  specimen  subject  to  tractions 
ia  only  S3X  of  that  predicted  for  s  displacement  condition.  The  pre¬ 
dicted  load-notch  opening  displacement  relations  serve  as  bounds  to 
tho  experimental  records .  This  suggests  that  the  actual  load  condition 
applied  by  the  wsdgs-ectien  grips  lias  between  these  extremes.  Also 
briefly  discussed  are  calculations  which  illustrate  hew  nonuniform 
fiber  spacing,  flaw  geometry,  and  growth  of  shear  cracks  modify  notched 
response. 

[}1  X.  0.  Beady,  Jr.,  "Analysis  of  Center-notched  Monolayers  with  Appli¬ 
cation  to  Boron/Aluninua  Composites,"  J.  Mach.  Wry*.  Solids,  Tot.  28 
(1M0),  p.  265. 


•This  work  performed  at  landia  national  Laboratories  supported  by  tbs  0.8. 
Department  of  Baesgy  under  contract  number  DB-AC04-76DP007M . 
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THE  EFFECT  OF  INTERLAMELLAR  SPACING  ON  INCIPIENT 
FRACTURE  IN  SHOCK-LOADED  LAMELLAR  METAL-ALLOY  COMPOSITES* 


William  W.  Predebon  and  William  E.  Thompson 
Department  of  Mechanical  Engineering  and  Engineering  Mechanics 
Michigan  Technological  University 
Houghton,  MI  49931 


Abstract 


Incipient  fracture  in  a  bi-phase  lamellar  eutectic  metal  is 
investigated  ..sing  a  finite-difference  computer  code  simulation. 
Through  the  simulation,  the  mode  and  location  of  incipient  frac¬ 
ture  are  predicted  and  compared  to  results  from  dynamic  fracture 
experiments  for  the  case  of  constant  interlamellar  spacing.*-  The 
case  considered  is  an  initially  planar  shock  pulse  traveling  par¬ 
allel  to  the  direction  of  the  lamellae.  Incipient  fracture  is 
predicted  through  the  use  of  the  cumulative  damage  spall  model, 
based  on  a  maximum  principle  stress  criterion  for  the  damage 
threshold. 

In  the  formation  of  a  lamellar  eutectic  metal  composite  one 
finds  that  the  interlamellar  spacing  varies,  and  it  is  of  interest 
to  determine  its  effect  on  incipient  fracture.  In  a  similar  way 
in  manufactured  composites,  where  the  spacing  can  be  prescribed, 
it  would  be  important  to  determine  spacings  which  best  resist 
fracture.  In  the  CoAl  eutectic  system  considered  in  this  study 
the  30  urn  spacing  was  found  to  be  a  critical  spacing.  For  inter¬ 
lamellar  spacings  greater  and  less  than  30  tim,  fracture  was  enhanced 


^G.  H.  Brawley  and  W.  W.  Predebon,  An  Investigation  of  Shock-Induced 
Fracture  in  a  Lamellar  Eutectic  Two-Phase  Metal  Alloy,  Engineering 
Fracture  Mechanics  J.  16,  €13-624(1982). 

•Supported  by  the  NATIONAL  SCIENCE  FOUNDATION  under  grant  DM  78-05741 


-349- 


BENDING  OF  THICK  BEANS  LAMINATED  OF  BIMOOULAR  MATERIAL* 

Charles  W.  Bert  and  Clifford  J.  Rebel lo1 
School  of  Aerospace,  Mechanical  and  Nuclear  Engineering 
The  University  of  Oklahoma,  Norman,  Oklahoma  73019 


Abstract 

It  has  been  known  as  early  as  1864  that  certain  actual  materials  have  quite 
different  elastic  behavior  when  they  are  subjected  to  tension  rather  then  com¬ 
pression.  However,  the  concept  of  a  blaadular  material ,  I.e.,  a  bilinear  mate¬ 
rial  having  different  moduli  in  tension  end  In  compression,  was  not  originated 
until  1941  by  Timoshenko  fl],  who  considered  a  beam  of  such  a  material  under¬ 
going  pure  bending.  Examples  of  CMqM&tbes  exhibiting  bimodular  behavior 
Include  cord-reinforced  rubber,  fiber-reinforced  plastics,  paperboard, 
reinforced  concrete,  and  soft  biological  tissues. 

Apparently  Kamlya  [2]  was  the  first  to  Include  transverse  shear  strain  effects 
In  the  analysis  of  blmadular  beams.  Ref.  [3]  presented  an  extensive  survey  of 
the  literature  for  such  beams.  Very  few  papers  were  concerned  with  laminated 
beams:  none  Included  transverse-shear  deformation  effects  and  no  extensive 
investigation  of  the  effects  of  stacking  sequence  has  been  undertaken  hereto¬ 
fore.  Beth  of  these  effects  are  considered  In  the  present  work.  Closed-form 
solutions  for  two  different  loe ding/boundary  condition  cases  ere  presented  and 
the  slgniflcence  of  the  newer) cal  results  are  discussed  in  detail. 

Tl]  S.  Timoshenko,  Strength  of  Materials.  Pt.  II,  2nd.  Ed..  Van  Nostrand, 
Princeton,  NJ,  W,  - 

[2]  N.  Kaariya,  "Transverse  Shear  Effbct  In  a  Bimodulus  Plate,”  Muc.  Eng. 
Design.  Vol.  32  (19M).  PP-  351-367. 

[3]  A.D.  Tran  and  C.b.  Bert,  "Bending  of  Thick  Beams  of  Bimodulus  Materials," 
Computers  and  Structures,  to  appear. 


This  work  was  sponsored  by  the  Office  of  Naval  Research,  Mechanics  Division. 
fPresently  graduate  student,  Engineering  Science  I  Mechanics,  Virginia  Poly¬ 
technic  Institute  5  State  University,  Blacksburg,  VA  24061. 
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THE  FLEXURE  OF  A  FLAT  ELASTIC  FIBRE  EMBEDDED 
IN  AN  ISOTROPIC  ELASTIC  MEDIUM 


A.P.S.  Selvadurai* 


Department  of  Civil  Engineering 
Carleton  University 
Ottawa,  Ontario,  Canada. 


ABSTRACT 


The  problem  of  flexure  of  a  flat  ribbon  like  inclusion  embedded 
in  an  elastic  medium  is  of  some  Interest  to  the  stress  analysis  of 
fibre  reinforced  materials.  Me  consider  the  type  of  ribbon  shaped 
fibre  in  which  flexure  takes  place  only  in  the  fibre  direction.  The 
flat  beam  shaped  fibre  is  embedded  in  bonded  contact  with  the  surround¬ 
ing  isotropic  elastic  medium.  The  flexural  Interaction  is  induced 
by  a  concentrated  load  which  acts  normal  to  the  plane  of  the  fibre. 
Similar  interactions  can  be  caused  by  micro-buckling  of  a  fibre 
induced  by  edge  loading  of  the  composite.  The  analysis  of  the  problem 
is  developed  by  assuming  that  the  condition  related  to  rigid  behaviour 
of  the  fibre  cross  section  Is  satisfied  in  an  approximate  fashion. 

Three  particular  estimates  for  the  flexural  interaction  problem  are 
presented.  In  the  first  case  the  normal  stresses  at  the  fibre-elastic 
medium  Interface  are  approximated  by  distributions  which  give  nearly 
uniform  displacement  across  the  width  of  the  ribbon  shaped  fibre. 

The  remaining  estimates  are  derived  by  developing  approximate  solutions 
for  the  Integral  equation  governing  the  flexural  Interaction  problem. 
The  solutions  are  based  on  Mathieu  function  and  asymptotic  series 
expansion  solutions.  In  which  the  Interface  normal  stresses  exhibit 
singular  behaviour  at  the  edges  of  the  fibre  cross  section.  Numerical 
results  are  presented  for  the  flexural  moment  Induced  In  the  embedded 
fibre  due  to  the  applied  concnetrated  lateral  force. 
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INSTANTANEOUS  TWO-DIMENSIONAL  ACOUSTIC  INTENSITY  MEASUREMENTS 


D.  Juve,  P.  Roland  &  G.  Comte-Bellot 
Ecole  Centrals  de  Lyon,  France 


A  3  microphone  probe  has  been  developed  to  measure  2  components 
of  the  mean  and  Instantaneous  acoustic  Intensity  vector. 


For  the  mean  flux  the  cross  spectrum  method  (1)  is  used  twice 
between  microphones  1  and  2,  and  1  and  3: 
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(&r,_2  distance  between  the  two  transducers,  Im  [S  ,  ,]  Imaginary  part  of 
the  cross  spectrum).  Suitable  corrections  are  in? r Sauced  to  take  into 
account  the  phase  and  amplitude  differences  between  the  microphones  and 
the  gradient  approximation. 


The  instantaneous  measurements  are  made  according  to  the  sum  and 
difference  approach  in  an  all-digital  fashion 
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The  temporal  evolution  of  the  intensity  vector  is  than  obtained  as  well 
as  some  of  its  statistical  properties  (probability  density  of  the  modulus 
and  of  the  direction) .  In  the  frequency  range  1-6  kHs  (which  is  fixed 
mainly  by  the  spacing  between  the  microphones  Ar.  ,  *  10mm)  the  response 
of  the  probeQis  very  satisfactory:  the  angular  a&Pamplitude  deviations 
are  within  2  and  +J51  for  Incidence  angles  in  the  range  +  80  relative 
to  the  probe  axis. 

The  technique  is  applied  to  the  acoustic  near  field  of  a  subsonic 
Jet  which  can  be  excited  along  the  column  mode.  Results  concerning  the 
source  distribution  along  the  jet  axis  and  the  intern! ttency  of  the 
sound  amission  are  compared  with  previous  studies  using  the  causality 
technique  (2)  end  the  polar  correlation  technique  (3). 

(1)  FAHY  F.  J.,  JASA,  62,  1977. 

(2)  JUVE  D.  6  8GNYACH  M, ,  IUTAM  Syap.  Springer,  1979. 

(3)  FISCHER  N.  J.,  HARPER-BOURNE  M.  4  CLEGG  S.A.L.,  JSV,  51,  1977. 
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REGULARIZATION  OF  GOLDSTEIN'S  SPLITTING  OF  UNSTEADY  VORTICAL 
MU)  EKTNOPIC  DISTORTIONS  OF  POTENTIAL  FLOWS 


Mr  H.  AUssi 

University  of  Notre  Owe 
Notre  Owe.  IN  46556 


For  well  amplitude  vortical  end  awOropIc  unsteady  disturbances  of 
potential  flows,  Goldstein*  proposed  a  partial  splitting  of  tNe  velocity 
field  into  a  vortical  part  tfu)  that  is  a  hnewn  function  of  the  imposed 
upstrean  distortion  field  and  the  naan  potential  flow,  and  a  potential 
part  vp  satisfying  a  linear  inheeagananm  wave  oguntton  with  a  dipole- 
type  source  tare.  This  splitting  provides  a  untried  approach  to  aero- 
dynaolc  studies  of  airfoil*  response  to  gust  loading  and  to  thn  rapid 
distortion  thaory  of  Surhu lance  dor  thnna  d  loans  la  nal  canpresslble  flows. 

Ho  waver  for  the  nest  canon  case  whara  the  nan  ftaw  has  a  Stagnation 
point,  tu)  fate  owes  singular  along  thn  entire  body  boundary  and  its  wohe, 
and  as  a  result  rp  will  also  be  singular  along  the  entire  body  surface. 
Practically,  this  singular  behavior  will  make  solutions  very  difficult  to 
obtain  particularly  when  nil  or  leal  computations  ana  involved. 


Recognizing  that  the  physical  solution  is  regular  at  tba  body  surface 
except  nay  beat  the  stagnation  point,  Mm  present  paper  proposes  to  oodify 
Goldstein's  splitting  by  introducing  a  part  Vf  that  fs  a  hnawn  function  of 

the  Inponri  ups  trows  disturbance  field  and  the  neon  potential  flow,  and 
such  that  ftf?  *H  * s  and  fHHn—ri  has  *  nano  —ml  oaoponant 

along  tba  body  surface.  In  praaawt  naChad  Is  applied  to  flows  that  exist 
for  all  tine  by  oonaAdaring  an  iaeddont  hMWdc  disturbance  fluid. 
Explicit  and  pnvMoAnfiy  linpix  ewprenedous  erw  ewtatnod  «a r  two- 
dinans tonal  neon  flows  bwt  thsoa-dhioncioaai  unatssdy  disturbances  da r 
single  be  dies  nod  resradet.  me  geoarai  bobavier  of  tda  umtaodr  psiwtioo 
near  the  rtagaatlea  point  is  tint  ievestlgatad. 


DRAG  ON  AN  ELLIPTIC  CYLINDER  OSCILLATING 
IN  A  DUSTY  VISCOUS  FLUID 


L.V.K.V.  Sana  and  S.  Kishore  Kumar 
Department  of  Mathematics 
Indian  Inatltuta  of  Technology 
Nadraa  600036,  India 


In  this  paper  we  inveatlgate  the'  flow  of  a  dusty 
viscous  fluid  due  to  the  oscillatory  notion  of  an  elliptic 
cylinder  r  -  a  [l  +  cF.Ccos  0)J.  The  expression  for  the 
dreg  experienced  by  the  cylinder  la  obtained  In  the  form 
D  •  M*0o«  (X  ein  «t  -  1‘  cos  wt)  by  using  asymptotic  expansions 
expansions  of  modified  Bessel  functions.  The  two  peranetera  X 
and  X  Involve  v,  f,  r  charncterlalng  the  two  phase  system 
together  with  c  end  w.  Craphs  are  drawn  to  represent  the 
variation  in  the  peranetera  X  and  X1 2.  It  is  observed  chat 
over  a  period  of  oscillation  considered,  the  drag  Is  more 
In  the  cnee  of  dusty  fluid  cohered  to  the  case  of  clean 
fluid.  The. second  term  In  the  expression  for  the  drag 
involving  X1  shows  the  force  opposing  the  no  want  of  the 
cylinder  and  la  thus  a  lamping  force  out  of  phase  with 
the  acceleration.  This  is  the  force  which  produces  the 
decay  of  oscillations  of  the  cylinder. 

The  case  of  circular  cylinder  can  be  obtained  by  taking 
to  be  aero  and  the  expressions  for  X  and  X*  agree  with 
those  obtained  la  an  earlier  paper  (lj.  Further,  as  the 
mass  of  the. duet  particles  tends  to  aero,  the  expressions 
for  X  and  X1  reduce  to  those  la  ths  case  of  clean  fluid  (2). 


[1]  L.V.K.V.  Sane  and  S.  Kishore  Kuner:  Drag  on  a  Circular 

Cylinder  Oscillating  la  a  Dusty  Viscous  Fluid,  to  appear 
la  X.X.Sc.  Journal. 

(2]  Stuart,  J.T.t  Laminar  Bondary  Layers :  Bd.  Boooahoad,  L.t 

Ch.  VX1,  pp.  1392  (1963). 


SLOW  VISCOUS  rum  PAST  a  rough  sphere 

K.  Vaeuderelah 
IkpHOMl  of  IhtkMitlei 
PnultMt  Asne  Dbipmitp  of  Teohaology 
College  of  Ktgl  nearing,  QUa^,  Hadraa  60002S,  Indie 


Tho  pager  deale  with  ssiajeaatrlc  ale**  adeems  flow 
peat  aa  aedelly  rough  apheee  r  •  UoK6)  ,  ft  <_  9?,  where  the 
flow  Reynolds  —her  R  -Ua/v  («1)  aed  n/R»«»0(l).  The 
body  le  e  realistic  wodal  eheae  aggllcetimb  la  physiology 
and  cheerlf  *1  angl  nee  ring  la  well  haeee.  Hie  nnrraapwadlng 
equation  for  the  stress  function  g,  le  to  be  aoleed  subject 
to  the  boundary  conditions 

*  -  3+/3>  -  0  m  e>  0  <  0  <  >, 

where  F(8)  “  j*^).  *  -  (-!/*>  rel»l0  at** 
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tor  the  Mteiti  Held  la  Stake?*  sad  Osset's  region  am 
obtained  eg  to  The  total  drag  coefflelaet  la  eel- 

enlaced  ee  «*> 

—  <•> 

<w *  «*> 


Sm* * 

n  0,  C_i  C_.nl 1 2  ae  In  Bm  elm  of  tehee 
i  e  -  -S/tScSkHL)  1  the  betel  ooetrlbutloe 

i  am.  be  tede  lam. 


oC  0CV  <•  **  *ede  Mi* 

2.  K|*  «!**  ■> «  1*  RSh  t««t 

tm  aaaeetW^to^hdghee^mder^ta—  ^(1 


♦  8  ♦  WH^),  eh—  %*'*  —  o— lately 


la  ee  te 


\ 


!  ■  K.  • 


Abdelhalia,  A.  TA-5 

AMou,  M.A.  HA-8 

Abeyaratne,  R.  WM-1 

Ackeraann,  N.L.  FA-2 

Adibhatla,  S.  UM-7 

Advani,  S.H.  FA-5 

Agarval,  R.K.  TA-5 

Ahnad,  M.  HA-8 

Aboadi,  G.  TM-3.FM-2 

AJayl.  O.O.  HA-4 

Aladyev ,  V.  FM-3 

Alduncln,  G.  TM-5 

All,  G.M.  HA-8 

All,  M.M.(IL)  TA-2 

All,  M.H.  (Canada)TA-4 

Allan,  D.H.  TM-8 

Am,  H.F.  TA-3 

Aadcy,  Jr.  A.  FA-3 

Aalla,  A.H.  HA-1 

Asaarl,  K.S.  FA-6 

Ardayflo,  O.D.  FA-6 

Arora,  J.8.  WM-3 

Arques,  H»  TA-4 
Aahar,  M.A.  TA-6 
Aabonr,  I. A.  TA-7 

Aatlay,  R.J,  RM-2 


INDEX 

Ataaal,  H.  FA-8 

Awarbuch,  J.  WM-7 

Azad,  A.K.  Wf-3 

Badallance,  R.  FM-7 

Badr,  H.M.  FA-5 

Bailay,  C.D.  FA-3 

Baker,  A.J.  TA-5 

Baladl,  G.Y.  FM-2 

Balas,  N.  FA-3 

Balendra,  T.  TA-2 

Balsa,  T.F.  FA-8 

Baluch,  M.H.  HM-3 

Banarjea,  S.  FM-7, 
HA-7 

Baradarl,  F.  HA-5 
Barber.  J.R.  TM-6 
Basak,  S.C.  TA-4 
Basso,  N.  FA-4 
Basu,  F.K.  HA-3 
Batls,  F.A.  FA-6 
lauae later,  R.J.  HM-2 
Baatty,  M.F.  TM-1 
Balaguadu,  A.D.  HH-3 
Boll,  J.F.  TM-4 

Baas diet,  t.L.  FA-6 


Beasley,  S.E.  HA- 8, TA-2 
Bart,  C.H.  FA-7 
Bhandarl,  D.R.  TA-5 
Blggers ,  S.B.  TA-7 
Blackaore,  D.  FM-3 
Blevins,  R.D.  HA-2 
Bliss,  D.B.  HA-2 
Bodnar,  S.R.  HM-4 
Bo jar ski,  S.N.  FM-3 
Bowen,  R.M.  CL-1 
Bower.  H.H.  FA-5 
Bradley,  H.L.  HM-7.TM-8 
Brennan,  C.  FA-2 
Brinson.  H.F.  TM-8 
Burger,  C.P.  HA-7 
Burks,  H.  FA-4 
Caopball,  C.  FA-2 
Caprls,  C.  FM-1 
Cardona,  A.  FA-6 
Carey,  G.F.  HM-5.FM-S 
Carlson.  D.B.  HA-1 
Cha,  C.T.  FA-4 
Chafes,  I.  TA-3 
Chalvlrat ,  8.  FA-6 
(Btakravarti.F.C.  FM-4 


*-*"V 
',,’r  ’  1  v'  ■ " . 

Ue  at  ' 

v  x  r 

'‘3-i 


I 


C.C.  TA-7 


Coatallo,  G.A.  UH-8  Dubbeldsy,  P.S.  HA-4 


Chan,  P.  Ur-2 

Cowls,  S.C.  PH-1 

Duodurs ,  j.  PA-4 

Ckarirt,  J.  PH- 3 

Craddock,  J.N.  PA- 4 

Dung,  H.L.  PH-4 

Chaadrqpacla,  T.k.  PH-4 

Cragga ,  A.  HA-2 

Dunn,  J.E.  HA-1 

Chanf.  D.C.  HH-7 ,TH-8 

Ci— lings ,  A.  HH-2 
Cuanlnghaa.  P.M.  TA-7 

Dutta.  l.K.  HA-4 

Chang.  H.M.  HA-4 

Daaou,  H.  TA-4 

Ducta,  J.N.  HA-8 

Chao.  H.C.  PA-7 

Daalal  E.E.  TA-4 

Dvorak.  G.J.  UK-7 

Chaturvadi,  S.C.  UH-8 
TH-7,  IA-7 

Daagupta.  D.  PH-2 

Dvivedl,  S.M.  UA-6.PH-4 
PA-4 

Chaudburi .  K.  TA-4 

Davlnl.  C.  PH-1 

Dvyar .  S.J.  TA-4 

Chahll,  D.S.  PA-4 

Darla,  P.K.  TA-4 

Eaatap,  P.E.  HA-3 

Chan.  P.C.  HA-7 

Davis,  l.S.  PH-6 

Bear,  A.  TA-5 

Chan.  H.P.  PH-2 

Dawson.  P.K.  PH-4 

Edsnrda.  D.K.  HA-3 

Chilmandu,  S.C.  PA-2 

Dap,  D.K.  HA-6 

Xl-Arahaty,  H.  TA-4 

Chowdhury,  A.t.  HA-3 

Dslpfa,  T.J.  TH-l.TA-l 

El-Earanany ,  PH-4 

Christ la.  G.H.  HA-6 

Dsapasy .  J.P.  HA-7 

Engalaan.  H.  PH-5 

Chung.  T.J.  PA-3 

Dsflaat.  A.A.  TA-4 

login,  A.  HA-4 

Clark.  L.C.  PA-3 

Dsatuyndar,  Ph.HA-7 

Ipatalw.  J.S.  HA-7 

Claudio.  D.M.  PH-3 

Dlckarson,  J.K.  PA-3 

■pacsln,  H.  PA-4 

Colaaan.  B.D.  HA-1 

PA-I 

Dill,  E.  H.  GL-2 

Krlckasn,  J.L.  GL-1 

Colaaan.  C.H.  TA-4 

Dillard.  D.A.  TH-8 

Ersoy,  T.  HA-1 

Collins .  K.  HH-6 

Dohba,  H.  TA-6 

leap,  J.  PH-4 

Collins.  R.  HH-6 

Dodd  In  gt  on,  H.H.  TH-7 

Bvnraasa,  H.  UH-2.W-2 

Coanlnou,  H.  DM 

Dohaacl,  H.C.  TA-4 

Pabrlkant ,  P.I.  HA-7 

Coaca-lellot,  6.  PH-6 
PA-S 

Dost,  S.  TH-l.PH-l 

Palrasatkar,  C.  UH-5 

Cooks,  L.T.  TA-6 

Dravlaakl,  M.  1H-5 

Pal ha,  H.L.  HA-4 

Cofpollao,  t.  TA-4 

Draper,  H.  HA-1 

Paag.  *-T.  HA-4 

-•****- 


Far ah,  A.  TA-2 

Feller.  C.E.  FA-8 

Fettla.  H.E.  FM-3 

Ffowcs  Ullllans  J.B. 

FH-8 

Fleming.  Jr.  H.T.  HM-4 

Foote.  J.R.  FM-3 

Ford.  J.L.  HM-8 

Forreatal.  M.J.  W-4 

Foadlck.  K.L.  HA-l.TM-l 

Foumey,  M.E.  TA-8 

Caldl.  G.F.  TA-l.FA-4 

Garnier,  M.  IK-4 

Ghaffarl.  S.  <M-7 

Ghia.  K.M.  TA-S 

Ghla,  U.  TA-S 

Ghlata,  D.M.  TA-6 

Ghonan,  H.  HA-7 

Ghosh.  J. J.  TA-4 
Ghosh,  M.  TA-2, FA-4 
Gibson.  J.8.  FA-3 

Gibson,  I.F.  TA-7 

Gina burg.  J.B.  TM-2 

Glocknsr ,  F.G.  TK-l 

Coldatsln,  H.E.  GL-3, 
FM-8.FA-8 

Cor la,  K.S.B.  IK-1, FA-5 


Grahan,  G.A.C.  TM  6 

Grant,  J.H.  PM-6 
Gulati,  B.R.  HA-4 
Gupta,  A.D.  FM-5 

Gupta,  B.F.  FM-7 

Gupta,  E.S.  HA-8 

Gupta,  K.A.  UA-7 

Curtin,  M.E.  TA-1 

Balm,  H.T.  FM-7 

Baissr,  H.E.  TM-8 

Bala,  E.B.  HA-8 

Haaaen,  F.G.  IK-7 , 
GL-3 

Barlharan,  3.1.  FA-1 

Hasan,  M.A.Z.  IM-B 

Hass.  C.E.  TA-8 

Hassan,  T.E.  TM-8 

lasslich,  E.  FA-6 

Bathout,  I.  TA-2 

Bang,  E.J.  HK-3 

Hsvnsr,  E.S.  BW, 
TM-4 

Baaglar .  J.B.  TA-2 
■earn,  T.  TA-6 
■slsa,  D.  IK-5 
Berbsrt,  Th.  TA-5 
Herrera,  I.  IK-5 
Hermann,  A.G.  TA-1 


Hifdi.  A.  HM-6 
Hill.  J.L.  TA-2.FA-6 
Borgan,  C.O.  HM-l 
Borll.  H.  TM-6 
Bovanealan,  J.  dar  IM-8 
Haish,  B.E.T.  HA-4 
Hsu,  C.T.T.  TA-2 
Hsu,  Y.C.  HA-7 
Huang,  C.L.D.  TA— 2 
Huang,  H.C.  TM-6 
Hul,  D.  FA-4 
Humphrey,  J.  HA-6. 

Hung,  L.T.  FA-6 
Hussain,  A.K.M.F.  FM— 8 
Ruttelnaler ,  H.P.  FA-6 
Ibanez,  P.  TA-8 
Ibldapo-Obe,  O.  HA-3 
Idalsohn,  S.E.  FA-6 
Ilcavlcs,  L.B.  PN-1 
Infanta,  E.F.  TA-3 
Inman,  D.J.  FM-3.FA-3 
lahlda.  T.  FA-5 
Janes ,  B.O.  HM-l. TA-1 
Jenkins.  J.T.  HA-4, FA-2 
Johns.  Jr.,  I..E.  TA-4 


Grad,  H.  SL-2 
Grady,  D.E.  W-4 


licks,  T.L.  FM-3 


Johns  toe.  K.L.  HH-5 


Koexner ,  R.M.  TA-8 


Levine.  H.A.  TA-3 


Junkins,  J.L.  HA-3 
Juve,  D.  BA-8 
Kaftanoglo,  B.  BA-6 
Kaleps,  I.  M4 
Ks Inins,  A.  TM-7 
faett,  M.P.  HA-3 
Ksr— snlidls,  D.  FA-6 
Kassner,  Jr. .J.L.  TA-4 

Keer.  L.M.  M-6 
Keith,  H.D.  HA-5 
Ker.  E.L.  Wf-7 
Ksrschsn,  E.J.  M-t 
Khen,  A.S.  TM-4 
Khatlb-gfcshldi,  B.  HA-5 
Khstan,  K.P.  HM-7 
KhoC.  H.S.  HA-3 
Klbens,  B.  1M-8 
Umlar,  K.  TA-I 
Klkuchl,  *.  W-6JPH-5 
tii,  J.T.  BA-5 
Kin.  S.K.  HA-5 


Koh,  S.L.  M-2 

Kohser ,  R.A.  KA-8 

level,  L.R.  HA-2 

fcssnoHski.  B.K.  HK-7 , 
TA-7 

Brauss,  A.S.  HA-7 
Brauss,  K.  HA-7 
Krsapl,  E.  M-4.W-8 
K— r.  S.JC.  FA-8 
Kunln,  I.A.  MM-l.HA-7 
Kuxnstsov ,  E.L  FA-4 
Lakes,  K.  HH-B 
Lakes,  R.s.  BA-6 
L—bert.  J.H.  ISA-7 
Least la,  J.  HA-2 
Leaded*  J.B.  TA-6 
Lae*  E.J.  HA-7 
baa,  6.C.  HA-6 
Lae,  H.P.  TA-2 
Lee,  J.K.  BA-5 
tee,  L.-C.  M-7 
Lae,  L.I.H.  M-4 


Levis,  H.C.  HA- 3 
Lie,  C.K.  HA-7  ,FH-7 
Liu.  L.H.  TA-7 
Liu,  P.b-F.  HA-5 
bnegoope,  D.B.  HM-4 
Lynch.  C.T.  HA-8 
Mac  Sithigh,  G.P.  TM-X 
Machln,  K.E.  W-8 
Maavaa.1 .  A.  TA-7 
Mahren holts,  O.  HH-6 
Malellero,  M.  TA-3 
MaUuia,  D.S.  TA-5.FA-1 
Malvern,  L.E.  TM-7 
Mae.  C.-S.  HA-1 
Man  Lis.  C.D.  HA-5 
Mart  last  ,  A.  HA-4 

MAaeyl.  P.B.6.  HH-6. 

TA-4 

McBooaLd,  C.H.  TM-2 
meant t,  K.  TH-3 
Heeds,  K.P.  M-6 


Elm,  S.H.  HH-5  Lee,  9.-L.  TA-2  Mekrafeadl,  M.M.  BA-2 

Kingsbury,  B.B.  BA-4  Letgkly,  *.,U.  HA-6  HI— be,  H.  M-6 

Klara,  V.K.  M-7  Late—.  A.H.  BA-4  Male,  A.  M-3 

Kira— r,  Ph.G.  W-3  1 avia.  M.  M-6  HtekAegla. 


I.  M-7 


Morjaria,  M.  UM-5 

Morris.  C.  TA-4 

Morris,  D.H.  FM-7 

Mullady,  R.  FA-6 

Muller,  I.  HA-1 

Muncaster,  R.G.  TA-1 

Mura,  T.  TM-7 

Myers,  M.K.  TM-2 

Nakamura,  S.  FA-6 

Naraalmhan,  M.N.L.  FM-1 

Nassirharand ,  A.  FA-6 

Navaneethan,  R.  HA-2 

Nefske,  D.J.  HA-2 

Neaat-Nasser,  S.  TM-6, 
IA-2 

Nemerow,  N.  PM- 2 
Neumeier,  L.A.  HA-8 
Nicholas,  I.  TM-8 
North,  H.P.T.  TA-8 
Nuisaer,  R.J.  FM-7 
O'Leary,  J.R.  FA-5 
Onoike,  6.  HM-7 
Ottino,  J.M.  TA-1 
Owen.  D.R.  HA-1, TA-1 
Padovan,  J.  FA-4 
Parry,  C.P.  FM-1 
Passmen,  8.L.  TA-1 


Pao,  P.S.  HA-7 

Paydarfar,  S.  FA-4 

Payne,  L.E.  UM-1 

Pearson,  B.L.  UM-3 

Peddieson,  Jr. ,J.E. 

TM-2 

Penumalli,  B.R.  TA-5 

Periasamy,  A.  HA-6 

Peter lin,  A.  FA-1 

Pierce,  A.D.  TM-2 

Pilkey,  H.D.  HA-3 

Piaprikar ,  M.S.  HA-7, 
TA-2 

P incus .  P.  HA-4 

Plndera,  J.T.  HM-7, 
TA-7 

Pindera,  M.J.  HM-7, 
TA-7 

Pinto,  J.G.  HA-6 
Pitteri,  M.  TM-4 
Podlo-Guldugll.P.  FM-1 
Fodovakl,  M.  TA-3 
Fopel,  A.S.  FM-6 
Prakash,  S.  TA-2 
Predebooe,  H.H.  FA-7 
Prlddy,  T.G.  HA-8 
Ptak,  M.S.  HA-4 
Rajagopal,  R.R.  FA-1 
■ana,  O.B.  HA-4 
tao,  A.X.  FA-5 


Rath,  H.J.  UM-6 

Ravld,  M.  HM-4 

Ray,  S.K.  TA-4 

Raychaudhury ,  C.  TA-4 

Rebello,  C.J.  FA-7 

Redaelll,  A.  TA-3 

Reddy,  J.N.  TM-7.TA-5, 
FA-5, FA-7 
Reddy,  S.N.  TA-6 

Reed,  Jr. ,  X.B.  TA-4 

Reedy,  Jr. ,  E.D.  FA-7 

Reigeng,  Z.  TM-8 

Resayat ,  M.  HA-5 

Richmond,  0.  FA-2 

Riess,  R.  HA-3 

Rionero,  S.  TA-1, FA-4 

Rizzo.  F.J.  HA-5 

Robinson,  A.R.  WM-5 

Rogers,  P.H.  TM-2 

Roland,  P.  FA-8 

Roskaa,  J.  HA-2 

Rote,  C.A.  TM-7 

Rossaanith,  H.P.  HA-7 

Rostanian,  R.  TM-l.TA-3 

Rothenburg,  L.  FM-2 

Rowlands,  R.R.  HM-8 

Roy,  A. B. HA-3, HA-6, TA-4 
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Rubin,  S.  TA-8 


San,  D.  HA-6 


Rudolph!,  T.J.  WM-5 

Rundla,  J.B.  TH-3 

Sabbah,  H.N.  F74-6 

Sadd,  M.H.  FA-4 

Sadeh,  H.Z.  PM- 8. FA-8 

Saff,  C.R.  FA-7 

Saibel,  E.A.  VM-4 

Saul,  S.  HM-2 

Sanche z-Siaaa ,  F.J.  TM-S 

Sankar.  T.S.  HA-7 

Saran,  S.  IA-2 

Sarigul,  H.  TA-4 

Sarma,  L.V.K.T.  FA-8 

Sathyaaoorthy.  M.  HA-2, 
FA-6 

Savage,  S.B.  FA-2 

Schapary,  T,A.  TM-8 
Schaarr ,  L.V.  HA-5 
Scbniedeahof f ,  F.H.  HA-7 

Schaitandorf ,  H.E.  HM-3 

Scfaaitt ,  J.L.  TA-4 

Schnack,  D.  J.  FM-6 

8c  hr  anker ,  1.  HM-7 

Scholar,  K.U.  TA-2 

Scott.  H.B.  TA-4 

Saa,  C.S.8.  TA-2 

Salvador ai ,  A.P.S.  FA-7 


Sengupta,  S.  FM-2 

Shahinpoor,  M.  TM-3, 
FM-2 

Sharan,  R.  HA-8 
Shaw.  R.P.  HA- 5 
Shaikh,  A.K.  HA-8 
Shan,  H.  FA-2 
Shi,  J.J.  FA-1 
Shippy,  D.J.  HA-5 
Shlvakuaar.  V.  HA-7 
Shlyapobaraky ,  J.  HA-7 
Shojl,  M.  FA-5 
SbukU.  A.  HA-7 
Siarakowakl,  R.L.  TM-7 
Siglnar ,  A.  FA-1 
Slkarakia ,  D.L.  HA-5 
Singh,  J.G.  TM-3 
Singh.  K.J.  HM-5 
Singh,  M. (India)  HA-6 
Singh,  M. (Canada) WA-4 
Snith,  C.H.  HA-7 
Sng,  C.B.H.  TA— 8 
Sofoluwe,  A.l.  TA-4 
Solacki,  R.  HA- 7 
Sollaan,  M.O.  TA-5 
Son  Boo,  M.S.  HA-8 


Sowerby ,  R.  FM-4 
Spear,  K.A.  TA-1 
Spactor,  S.J.  TM-l.HA-l 
Spcziale,  C.G.  TA-1 
Stein,  P.D.  TA-6.FM-6 
Stephenson,  R.A.  HM-1 
Stern.  M.  HM-5 
Stout,  R.B.  MA-8 
Strehlow,  P.  HA-1 
Sture,  S.  FM-2 
Sun,  C.T.(FL)  IM-7.TA-7 
Sun.  C.T.(IH)  TM-7 
Sun.  T.X.  HA-5 
Sung,  S.H.  HA-2 
Sunyach,  M.  PM-8 
Sutherland,  H.J.  TA-2 
Sjnaonds,  P.S.  HM-4 
Szwilski,  T.B.  HM-8 
Tan,  R.  FA-5 
Tandon.  P.M.  HA-6 
Tang,  M.M.  174-5 
Tar 1 too,  M.A.  TA-6 
Tat,  C.H.  TA-2 
Tauchert,  T.R.  HM-7 
Taylor,  C.E.  HM-8 
Terkooda,  P.R.  TA-4 


Thigpen,  L.  FM-2 

Thompson,  W.E.  FA-7 

Thomson,  D.H.  MM- 2 

Ting,  E.C.  Fa-4 

Ting,  T.C.T.  TM-7 

Tischler,  V.A.  WA-3 

Tongue,  B.H.  WA-2 

Triantafyllidis ,N.  FA-4 

Trivett,  D.H.  TM-2 

Troitsky,  M.S.  HA-7, 
TA-2 

Trucano,  T.G.  WM-4.TA-3 

Tsipas,  D.K.  HA-8 

Turner,  J.L.  HM-8 

Ueng,  C.E.S.  TA-7 

Unruh,  J.F.  HA-2 

Upadhyay,  P.C.  TM-3 

Updike,  D.P.  WM-7.TM-7 

Utku,  M.  FM-5 

Valshnav,  R.N.  HA-6 

Vaicaitla.  R.  HA-2 

Velente,  G.  TA-2 

Valania,  K.C.  FM-2 

Vanderkley,  P.S.  HM-7 

Van  Moor hem,  H.K.  HM-2 

Vasllopoulos ,  D.  HA-3 
Vasudevalah,  M.  FA-8 
Vawter,  D.L.  HA-6 


Vayo,  H.H.  TA-6 
Venkayya,  V.B.  HA-3 
Verma,  P.D.S.  HA-4 
Vilmann,  C.  WM-7 
Vinogradov,  A.M.  FA-1 
Vincent,  T.L.  HM-3 
Vito,  R.P.  HA-6, IM-1 
Volfson,  B.P.  FA-4 
Voloshin,  A.S.  HA- 7 
Halburn,  F.J.  FM-6 
Walker ,  J.A.  FA-3 
Halkington,  N.J.  HM-2 
Hang,  B.P.  HA-3 
Hang,  J.T.S.  TA-7 
Hang,  S.S.  TA-7 
Haversik,  H.R.  TM-3 
Hebster,  H.D.  UM-4 
Wheeler,  l.  WM-1 
Wheeler,  M.  FM-5 
White,  D.R.  TA-4 
Hicks,  T.M.  FM-5 
Hilaon,  J.B.  FM-1 
Wilson,  H.R.D.  fM-4 
Hineman,  A.S.  FA-1 
Winter,  D.C.  WM-6 
Hitchey,  R.D.  FA-3 


Wong,  K-F.V.  FM-2 

Wright,  T.W.  TM-4 

Hu,  S.T.  WA-4 

Xanthis,  L.S.  HM-5 

Yadava,  R.N.  HA-7 

Yin,  W-L.  TA-l.FM-3 

Young,  M. I.  FM-3 

Yu,  T.P.  TA-7 

Yuan,  J.-X.  FA-1 

Yuceoglu,  U.  WM-7,rA-7 

Yuen,  D.A.  TM-3 

Zapas,  L.  J.  FA-1 

Zeuch,  D.H.  TM-3 

Zielinski,  Z.A.  HA-7, 
TA-2 
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